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HERE are few problems that worry 

the gastroenterologist more than that 

of the patient with severe and perhaps 
disabling abdominal pain which has not 
vielded to the usual series of operations on 
appendix, gall bladder and stomach. What 
is there left to do in these cases, and how is 
one going to set these poor unfortunates 
back on the road to health? 

It is of little use to talk about more 
medicine and more dieting; the patients 
know that these therapeutic measures are 
makeshifts, and they have had enough of 
them. What they want is a real cure, and 
to get it they are ready to go to great 
lengths; in fact they are often ready for 
another operation, and the only reason they 
do not have it is that the surgeon cannot 
think of anything more to do. 

In the hope of finding some solution 
of this problem I have for some time been 
investigating the possibility of blocking 
the pathways by which sensory impulses 
leave the abdomen. For several years my 
assistants and I have been studying the 
behavior and physiologic properties of the 
stomach and bowel in animals that have 


recovered from degenerative section of 


the vagus and splanchnic nerves,'! and 
for some time I have been reviewing what 
little is known about the anatomy and 
physiology of the nerves which supply 
the digestive tract. 

I have also been watching with interest 
and hope the work that my colleagues, 


Doctors Lundy, McCuskey, and Tovell in 
the Section on Anesthesia, and Doctors 
Adson, Craig, and Learmonth in the Sec- 
tion on Neurosurgery, have been doing in 
the way of controlling severe and con- 
stantly recurring pain, and I have been 
encouraged by the success that has at- 
tended many of the efforts made through- 
out the world to relieve the pain of angina 
pectoris. 

Some work along the lines to be described 
here has already been done on patients 
under my care, but it will be many months 
before any report of value can be made, 
and I write now only because I wish to 
stimulate interest in the problem and to 
acquaint gastroenterologists with the possi- 
bilities of a technique which may be new to 
some of them. 

As will be seen from what follows, many 
details must yet be learned. The physician 
and his patient will demand answers to 
many questions before the one is ready to 
propose and the other to accept a nerve 
cutting operation, and unfortunately some 
of these answers are to be found only after 
much search in out-of-the way archives and 
books. Still more unfortunately, many of 
the desired answers cannot vet be found 
anywhere. If what little I have been able 
to learn and report here helps others to 
get oriented in the subject I shall be happy. 

Obviously, it would be more satisfactory 
to patient and physician if the cause of 
pain in liver or stomach or bowel could be 
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detected, understood, and eradicated, but 
failing this, an almost equally gratifying 
return to health might perhaps be brought 
about if, through the sectioning of sensory 
nerves, the patient were to be rendered 
unconscious of what is going on in the 
abdomen. Some may ask: “But isn’t 
there danger in this? Might there not be, 
sometime, a flareup of infection requiring 
prompt surgical intervention, and might 
this not reach a fatal stage before the 
patient became aware of his danger?” 
This of course is a possibility, but I think 
in most cases the danger is so small that 
it can be disregarded. This should, perhaps, 
be particularly true in the many cases in 
which those frequent sources of infection, 
the appendix and gall bladder, have already 
been removed. 

The greatest difficulty that I am en- 
countering probably comes in _ locating 
the pathways which must be interrupted, 
and the main objection to blocking them 
is the fact that in order to cut the offending 
sensory fibers the surgeon has to destroy 
others, the functions and degree of dis- 
pensibility of which are as yet but poorly 
known. 


PATHWAYS OF PAIN 


The physician who has long been out of 
college will probably look on motor nerves, 
sensory nerves, and sympathetic nerves as 
distinct entities with clear-cut functions. 
Actually, all of them are composite; that is, 
they are bundles of fibers of various sizes 
and types, all with different functions. 
Thus, the vagus nerve in part of its course 
contains sympathetic and sensory fibers, 
and the splanchnic nerves, which consist 
largely of preganglionic sympathetic fibers, 
contain also many sensory fibers and, 
according to Kuré, fibers of spinal origin 
but with parasympathetic reactions to 
drugs.!" 

It seems now to be established that all 
of the afferent fibers in the sympathetic 
nervous system are connected with the 
posterior root ganglia of the spinal cord 
and therefore no different from sensory 
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nerves elsewhere in the body; they simply 
happen to travel in the same sheaths with 
bundles of sympathetic fibers. Most of 
those fibers which leave the upper part of 
the abdomen reach the spinal cord by way 
of the splanchnic nerves and the white rami 
communicantes of the thoracic nerves from 
the sixth to the ninth. In some persons the 
splanchnic nerves are connected also with 
the fourth, fifth, tenth, eleventh, and 
twelfth segments of the dorsal cord.*! 
Blocking of the splanchnic nerves causes 
anesthesia of the visceral peritoneum and of 
the organs in the upper part of the 
abdomen. 

The problem of blocking pain in the 
lower part of the abdomen is even more 
complicated than it is in the upper part. 
The pathways are so numerous, so intricate, 
and so poorly known that in given cases 
it is hard to find the one involved by 
disease. The arrangement of the nerves is 
different in different animals and in the 
two sexes, and the structures in man are 
different from those in animals. 

Much careful work has been done on the 
subject by Learmonth, who has found that 
some forms of pain from the region of the 
bladder pass up along the sympathetic 
nerves. Fibers coming on each side from 
the upper four lumbar sympathetic ganglia 
join in front of the fifth lumbar vertebra 
to form the presacral nerve, and from this 
arise the two hy pogastric nerves. 

That there are connections between the 
nerves in the lower and upper parts of the 
abdomen was shown by Learmonth when 
he stimulated the presacral nerve and 
caused pain in a man who, because of the 
administration of a spinal anesthetic, was 
analgesic distal to the tenth dorsal seg- 
ment. According to Learmonth, tactile and 
thermal sensations pass out of the pelvis 
by way of nerves which come from the 
sacral part of the spinal cord. 

The problem of producing surgical anes- 
thesia in the lower part of the abdomen has 
been analyzed by Kroenig and_ Siegel. 
Pain fibers to the inguinal region reach the 
spinal cord through the genitofemoral, 
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the lateral cutaneous of the thigh, the 
ilioinguinal, and the iliohypogastric nerves. 
These are connected with the first three 
lumbar segments. 

The vagus nerves carry so few sensory 
fibers that they can be ignored whenever 
efforts are being made to relieve abdominal 
pain. That these fibers are unimportant 
is shown by the fact that peritonitis is 
usually painless in the case of patients who 
have suffered injury to the upper part of 
the spinal cord,* and by the fact that 
operations in the upper part of the abdo- 
men can be done painlessly under splanch- 
nic blocking. As one would expect from 
all this, it is useless to try to stop the pain- 
ful crises of tabes by cutting the vagus 
nerves. The one symptom that can some- 
times be stopped by double vagotomy is 
vomiting. 

That the vagus nerves do carry some 
sensory fibers has been shown in many 
ways. Thus, sometimes when a surgeon 
accidentally injures one of the trunks, the 
patient will feel pain in the area of the skin 
distribution about the ear. I can remember 
a woman with malignant hypertension 
who, on two occasions when she _ bled 
severely from the stomach, suffered with 
pain about the ear, and I have seen the 
same pain in a case of cholecystitis. Many 
such cases have been described by Rasdol- 
sky. Foerster, when he stimulated elec- 
trically in man the central ends of the 
vagus nerves cut below the diaphragm, 
found that he could produce nausea and 
vomiting, but not pain. The stabbing 
frontal pain that many persons feel when 
they drink ice water is supposed to be due 
to stimuli reaching the trifacial nerves 
by way of the vagi. 

The phrenic nerves doubtless carry a 
few sensory fibers which are responsible 
for the pain which in rare cases is felt in the 
shoulder during attacks of gallstone colic 
or in cases of subdiaphragmatic inflamma- 
tion. Occasionally a phrenic nerve has to 
be cut for relief of such pain. A good de- 
scription of this type of distress is given by 
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Morley in his thought-compelling little 
book on abdominal pain. 

There are still other paths by which pain 
might conceivably leave the abdomen. 
One is by way of the ganglionated sym- 
pathetic chain, and the other is by way of 
the aortic plexuses and thence through 
rami communicantes to the spinal cord in 
the upper dorsal region.'*:" That these 
sensory connections cannot be very im- 
portant is shown by the fact already 
mentioned that when the spinal cord is 
severed in the upper dorsal region, disease 
in the abdomen usually runs a painless 
course. Foerster and others have reported 
a few exceptions to this rule. 

As one can see by glancing at a dissection 
of the abdominal sympathetic nerves, 
there are many connections between the 
central plexuses and the ganglionated 
chain; so many that a surgeon could never 
hope to destroy them all. Under the cir- 
cumstances it is indeed fortunate that most 
of the sensory fibers from the upper part 
of the abdomen go out by way of the 
greater splanchnic nerves. It is fortunate 
also that most of the fibers in these nerves 
go directly to the spinal cord without much 
dispersion in the ganglionated chain.” 

For details in regard to the anatomy of 
the splanchnic nerves, the rami com- 
municantes, and the abdominal sympa- 
thetic system, the reader can consult the 
monographs of Pereira, Wrete, Miller, 
Gaskell, Langley, Briining and Stahl, 
Foerster, and Hovelacque. A_ valuable 
source book is the volume on the vegetative 
nervous system published by the Associa- 
tion for Research in Nervous and Mental 
Disease, and an excellent summary of 
recent additions to our knowledge on the 
subject is to be found in the report of the 
symposium held at the eighteenth annual 
meeting of the Gesellschaft deutscher 
Nervenartze, published in volume 106 of 
the Deutsche Zeitschrift fiir Nervenheilkunde. 


DIFFICULTIES IN BLOCKING THE PATHWAYS 
OF PAIN 


The need for more accurate 


great 
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anatomic knowledge than can be found in 
ordinary textbooks has been well demon- 
strated during the search for ways in 
which the pain of angina pectoris can be 
blocked. As anyone can see from the dia- 
gram published by White, there are at 
least eight paths from the heart to the 
ganglionated chain and from thence there 
are many paths tothe spinal cord and brain. 
If it is difficult to locate these paths in 
animals, how much more difficult it will be 
to locate them surely in man. 

Difficulties similar to those encountered 
in locating the sensory pathways in the 
upper part of the thorax will doubtless be 
met with when more intensive efforts are 
made to overcome pain of gastrointestinal 
origin. With so many pathways available 
for the transmission of painful stimuli 
away from the abdomen, it is not always 
going to be easy to find the place or places 
in which to apply novocaine or alcohol or 
the sharp edge of a knife. 

As if the difficulties were not great 
enough, now come Foerster, Shaw, and 
others with evidence to show that even the 
anterior roots of the spinal cord carry sen- 
sory fibers. In many instances these roots 
have had to be cut together with the 
posterior ones in order to relieve severe 
pain due to traumatic neuromas or carcino- 
matous metastasis. Under normal condi- 
tions most of the sensations of pain seem to 
travel by way of the posterior root, but 
when this path is blocked there appear to 
be, in many persons, alternate ones which 
can be used. 

Shaw, in a discouraging article recounts 
many cases in which posterior rhizotomy 
either failed to relieve or else relieved only 
for a while. 

Frazier noted also that “There is a 
curious variability in the effects of dividing 
a given number of roots in any series of 
cases . . . In some one finds a partial, in 
others a complete anesthesia; in some it Is 
transitory, in others permanent, and in 

others again there is hyperesthesia.”’ 

Unfortunately, in many cases, even when 
both the anterior and posterior spinal roots 
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are cut, pain will continue to be felt in a 
region which is so completely anesthetic 
that operations can be done in it without 
discomfort to the patient. Foerster has 
reported the case of a man who, even after a 
complete break in the continuity of the 
spinal cord, continued to suffer with pain 
in the legs and to feel something when they 
were pinched. In such a case the afferent 
pathway for peripheral pain, if such it was, 
must have been along the nerve plexus in 
the walls of the blood vessels. 

Cordotomy. On account of the many 
difficulties involved in the blocking of 
peripheral pathways of pain, a number of 
neurosurgeons have of late turned to the 
operation of cordotomy which is designed 
to interrupt the conducting tracts between 
the posterior roots of the cord and the brain. 
It has long been known that the fibers 
which carry sensations of pain are gathered 
together in the anterolateral columns and 
when these are cut, the ability to feel pain 
in parts distal to the break is more or less 
completely lost. Whenever possible, this 
operation is done under local anesthesia 
so that the surgeon can control the depth 
of his cut by the extent of analgesia 
produced. Shaw concluded that the fre- 
quent failures seen after posterior rhizot- 
omy and the better results obtained with 
cordotomy should cause the surgeon to 
look on the latter as the operation of choice 
in all cases of widespread, incapacitating 
pain in the lower half of the body. 

Unfortunately, the cut must be made on 
both sides of the cord because the sensory 
paths zigzag back and forth all the way up 
to the brain. More work needs to be done 
to make sure of the effectiveness of 
cordotomy in relieving different types of 
abdominal pain and distress. Davis, Hart, 
and Crain, who worked with dogs, found 
that cordotomy did not relieve the pain 
produced by distention of the bile ducts, 
but Spiegel and Bernis, who worked with 
cats, found that it did put a stop to the 
respiratory reflexes which are observed 
when the bowel is stimulated. There is 
evidence to show that pains of different 
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types travel along different paths, and until 
exact knowledge is at hand, some of the 
operations that are done are bound to be 
disappointing. 


METHODS OF LOCATING THE PATHWAYS OF 
PAIN 


With the patient in an attack of pain our 
usual procedure at The Mayo Clinic is, 
first, to see whether the sensory paths 
involved are on the right or the left side or 
on both sides. If the pain is limited to one 
side or to one quadrant of the abdomen, 
the problem of locating the sensory paths 
is comparatively simple. If the pain is 
central or widely distributed, it may be 
possible to find a zone of hyperesthesia 
on one side, but too often this is absent. 
Possibly in some cases zones could be 
found in which the pilomotor nerves or 
those supplying sweat glands function 
abnormally. 

The next thing to do then is perhaps to 
inject about 0.5 per cent novocaine solu- 
tion around one or other of the splanchnic 
nerves. This form of anesthesia, originally 
worked out by Kappis, Liwen, Preiss, and 
others, is being used at this clinic every 
day, and in the hands of experts appears 
to be practically without danger. If the 
pain is promptly relieved by splanchnic 
block on one side the anesthetist can later 
use paravertebral block to determine which 
of the dorsal segments are involved. 

In many cases it is well first to induce 
spinal anesthesia. The anesthetist and the 
neurologist will then watch the analgesia 
as it rises step by step on the trunk, so as to 
note the level reached at the moment when 
the pain ceases. They will often watch also 
for the return of the pain as sensation 
gradually creeps back. In this way they 
can identify the segment farthest orad 
through which the pain-carrying fibers pass 
out to the cord. Later, paravertebral block- 
ing may be employed distal to this point. 

Such experiments at blocking serve to 
indicate, first, that the pain is or is not of 
peripheral origin, and second, that it is 
coming from a restricted part of the 
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abdomen corresponding to one or more 
spinal segments. Information thus secured 
will often have diagnostic value and will 
help in incriminating or exculpating certain 
of the abdominal organs. 

When, in a given case, it is shown 
repeatedly that blockage of the nerves on 
one side at a certain level will stop the pain, 
the patient can be fairly certain of securing 
permanent relief from an operation in 
which either the white rami communicantes 
or the posterior (and perhaps also the 
anterior) roots are cut. There are a few 
cases on record in which, for some unknown 
reason, one injection of novocaine gave 
lasting relief from pain.'*-!*-4? In other cases 
the injection of 80 per cent alcohol gives 
relief which lasts usually for months; it is 
possible that sometimes it may be perma- 
nent. The anesthetist leaves the needles 
in place until he sees that with novocaine 
satisfactory anesthesia can be obtained, 
and then he injects the alcohol. Unfor- 
tunately, in some cases, alcohol does not 
give as satisfactory anesthesia as that 
with novocaine introduced at the same 
point; the explanation probably is that 
alcohol does not diffuse so widely as does 
the novocaine. For this reason it is a good 
plan not to introduce alcohol unless 
anesthesia has first been obtained with an 
injection of only 1 or 2 c.c. of novocaine 
solution. Then the anesthetist can be fairly 
sure that the needle is in the right place. 

With nervous, apprehensive, and hyper- 
sensitive patients it is, I think, wise to 
insert the needles under nitrous oxide 
anesthesia and then to inject perhaps 1 
c.c. of the novocaine solution. The patient 
is then allowed to wake so that he or she 
can report on the disappearance or per- 
sistence of the pain as the injections are 
made at the different levels. A few whiffs 
of nitrous oxide are particularly desirable 
when alcohol is to be injected, because the 
pain then produced, although transient, 
is severe. 

Future study alone will show what is 
the best type of operation to be performed 
in the cases in which sensory paths must 
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be interrupted permanently. One can think 
of several places in which the break might 
be made: in the greater splanchnic nerves, 
in the white rami communicantes, or In 
the posterior roots of the spinal nerves. 
Unfortunately, wherever it is made the 
surgeon must destroy a number of fibers 
which he would rather leave intact, and 
the problem is to cut where the least 
damage will be done and where the opera- 
tion will be technically simplest and freest 
from danger. 

The cutting of the greater splanchnic 
nerve has been performed so seldom in 
man that thus far most of the studies in 
regard to the technical approach have 
been made on the cadaver. Three ap- 
proaches have been proposed; one trans- 
thoracic, just above the diaphragm,” °? 
one through the space behind the dia- 
phragm,” and one through the space above 
the renal artery.°! 

The cutting of the greater splanchnic 
nerve must involve the destruction of 
preganglionic fibers to blood vessels, glands, 
and smooth muscle. When only two or 
three spinal segments are involved, von 
Gaza’s operation on the white rami might 
be advisable as it calls for the sacrifice 
only of those parts of the splanchnic 
bundle that come from the affected organ. 
It has the advantage that the spinal dura 
does not have to be opened, but the dis- 
advantages that the thorax has to be 
entered and that the white rami cannot 
always be identified. Pieri avoids this 
difficulty by removing part of the ganglion- 
ated cord, but this involves the destruction 
of many fibers which go to make up the 
greater splanchnic nerve. 

Foerster’s operation of section of one 
or more posterior roots has the advantage 
that it preserves the sympathetic fibers 
leading to the abdomen. One disadvantage 
is that it destroys sensation in the affected 
dermatomes, and the other is that it often 
fails to relieve.” Fortunately, when only 
one or two segments are involved there may 
be little if any analgesia in the skin on 
account of the overlapping of distributions. 


Alvarez—Abdominal Pain 


NoveEMBER, 1931 


This operation is usually of little value 
in cases of tabetic crises because in this 
disease the source of the pain is probably 
in the spinal cord itself. Actually, as Han- 
ser has shown, in some tabetic patients 
the viscera are already insensitive. This 
was to be expected from Roux’s discovery 
that in these patients many fibers in the 
splanchnic bundle are degenerated. 

If Kuré is right, section of the posterior 
roots must destroy a large bundle of 
efferent fibers to the abdomen, fibers which 
he believes have trophic functions. Frazier 
has stated, however, that he has never 
seen trophic changes after posterior rhizo- 
tomy. Section of posterior roots low in 
the lumbar region will produce some 
ataxia of the legs, and section of anterior 
roots will cause paralysis of abdominal or 
lez muscles. 


RESULTS OF SECTION OF VARIOUS NERVES 
IN ANIMALS AND MAN 


As yet, too little is known about the 
end-results of the various types of neuro- 
tomy in man; we know that it has been 
done and that some of the patients 
remained cured for a time, but it will be 
well to watch many of the patients for 
years to see how they get along. 

Because of the great differences between 
the structure and functions of the various 
nerves in animals and man, the surgeon 
who is operating on man cannot safely 
draw conclusions from anatomic and phys- 
iologic studies made on animals, but must, 
as opportunities arise, obtain what knowl- 
edge he can by studying men and women in 
whom disease or injury or operation has 
altered conditions in the nervous system 
or exposed nerves so that they can be 
stimulated. Unfortunately, also, different 
persons vary so much in the structure and 
functions and sensitiveness of the nerves 
that results obtained in one patient cannot 
always be duplicated in another. Much 
more knowledge is needed, and until it is 
obtained some of the operations to which 
patients are now being driven by pain and 
suffering will have to be disappointing. 
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Bilateral vagotomy has been done several 
times in man, usually in the hope of 
relieving the nausea and vomiting of 
tabetic crises.!*-!® The vagus nerves are 
commonly destroyed also during high 
gastric resections and there do not seem 
to be any deleterious after results. Reich 
and Zesas who reviewed the literature on 
the subject, both came to the conclusion 
that unilateral vagotomy in man has no 
demonstrable influence on health. 

In animals the section of these nerves 
commonly lowers the tone of the stomach 
and the degree of acidity of the gastric 
juice, but neither of these changes is 
permanent. 

Splanchnicotomy has been done several 
times in man, apparently without deleteri- 
ous results. Foerster speaks of having 
performed the operation on tabetic patients 
without results, good or bad. Pieri, in 
1929, reported resections of the right 
major and minor splanchnic nerves. After 
this work the stomach seemed to have 
better tone and better emptying time, 
and the intestines functioned well. In one 
case severe constipation was relieved. 
Mixter and White reported having cut the 
splanchnic nerve on one side with good 
results. 

Many experimenters have cut one or 
both major splanchnic nerves in animals 
and several have experienced a_ high 
mortality. Even when the animals re- 
covered from the immediate effects of the 
operation many of them suffered with 
diarrhea, they became greatly emaciated 
and went on down hill. Other animals 
which recovered from double splanchnicot- 
omy were frail and unable to stand the 
shock of subsequent operations.** A few 
physiologists, however, reported that this 
has not been their experience.*! The 
experience of Mann and Ivy is that the 
operation is well borne by cats and dogs 
but not by rabbits. There is no question 
in my mind about the seriousness of vagot- 
omy and splanchnicotomy in the rabbit, 
but this animal seems to be particularly 
susceptible to such operations, possibly 
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because of the resultant prompt emptying 
of the large and highly important cecum. 

There is some evidence that destruction 
of the splanchnic nerves interferes with the 
secretory functions of the pancreas. Baxter 
found that in the rabbit it greatly reduced 
the strength of the enzymes in the pan- 
creatic juice. Ordinarily the changes which 
it produces in the blood supply of the 
bowel are transient. My own experiments 
on rabbits have convinced me that in this 
animal double splanchnicotomy is a very 
serious operation. The bowel appears 
to be so active that it cannot hold the food 
long enough for proper digestion and 
absorption. Many experimenters have 
found ecchymoses and even gastric ulcers in 
some of the animals (particularly in rab- 
bits) in which the vagus or splanchnic 
nerves were cut. 

Cannon has removed, in cats, the whole 
sympathetic ganglionated chain on both 
sides of the spinal column and has kept the 
animals fat and sleek for months after- 
ward. He does not look on the operation 
as a serious one. The main handicap that 
these cats have is their inability to adjust 
themselves to cold; they cannot fluff 
their fur, and they cannot quickly warm 
themselves by speeding up the metabolic 
rate. The females can bear young, but 
because of trophic changes in the breasts 
they sometimes cannot nurse them. Lear- 
month tells me that in men lumbar sym- 
pathectomy or section of the presacral 
nerve does not affect potency or ability 
to have orgasm; it interferes only with 
ejaculation. 

In dogs double splanchnicotomy does 
not seriously affect the blood pressure.° 
It is possible that in man it might interfere 
with the mechanism which quickly adjusts 
blood pressure to changes in posture. 
Crile, who for some time has been cutting 
the nerves to the suprarenal glands, wrote 
me that he has not seen any deleterious 
effects from the operation. 

Koennecke, Popielski, Peiper, and others 
who destroyed the celiac ganglia, found 
this to be a very serious operation; the 
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mortality was high and it was hard to 
keep the animals alive. Much of the food 
went through the bowel undigested, possi- 
bly because the denervated bowel was too 
active and too responsive to every stimulus. 
In addition there were disturbances of 
secretion in pancreas and bowel, the vaso- 
motor control of the blood vessels in the 
abdomen was much disturbed, and the 
feces were full of blood. Peyer’s patches 
in the bowel sometimes became atrophic. 
In Popielski’s experiments the gastric 
and pancreatic secretions were not 
changed. 

A review of much of the literature on 
the results of section of the nerves to the 
stomach and bowel will be found in the 
articles by Koennecke, Bunch, Hartzell, 
and McCrea. My impression is that more 
work must yet be done on man before 
anyone can say how safe it is to cut both 
major splanchnic nerves. 


DIFFICULTIES IN THE WAY OF FURTHER 
RESEARCH 


Unfortunately, there are several diffi- 
culties in the way of devising and testing 
operations for the relief of patients with 
intractable abdominal pain. In the first 
place the work, in order to be convincing, 
will have to be done by conservatively- 
minded men who will not become too 
enthusiastic over a few, perhaps temporary, 
good results, and who will choose their 
cases with care. The patients will first have 
to be studied with thoroughness so that 
later, when clinicians read the reports of 
the work, they will not be saying, “Why, 
that woman should never have had a 
nerve section; she should have had her 
gall bladder removed, or she should have 
been given a rest cure.” While reading the 
optimistic reports of Pieri, I often found 
myself wondering if a particular patient 
with “gastric atony” should have been 
operated on, or if the cure reported at the 
end of a short period of observation was 
going to be permanent. Few men seem to 
realize that In many cases any operation 
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is likely to give relief for from three to 
nine months. 

During the last few years I have seen a 
number of patients who, it seemed to me, 
might well have profited from the resection 
of sensory nerves, but in most instances I 
refrained from suggesting any attempt 
along this line because the individual was 
neurotic, psychopathic, or constitutionally 
inadequate, and therefore a poor subject 
for surgery. In other cases, especially in 
which migraine was a factor in the disease, 
I could not be sure that the relief of abdom- 
inal pain would work a cure. 

In order to learn something definite 
about the value of temporary or per- 
manent nerve blocking, one would like to 
work with patients who are coéperative and 
intelligent, who are likely to stop complain- 
ing when the pain lets up, who are ready 
to accept the risks of experiment, and who 
will not be annoying or vindictive if the 
operation does not do all that they hope 
it will do, or if it leaves them with annoying 
analgesia or paresthesia. 

In many cases it will not be easy to learn 
where the nerve blocking or sectioning 
should be done, and in others the patient, 
after submitting to one or more somewhat 
painful and nerve-racking paravertebral 
injections, may refuse to go on with the 
study. It may be that nerve section would 
bring relief to some of those persons who 
now suffer with intractible duodenal and 
especially gastrojejunal ulcer, but for 
many of them it could hardly be advised 
because of the danger of silent perforation 
into the colon or other neighboring organ. 

Fortunately, in expert hands, rhizotomy 
does not carry much surgical risk and the 
preliminary laminectomy does not seem 
to weaken the spine. 

More histologic studies must be made on 
abdominal nerves and ganglia removed 
after death or during operations on patients 
with unexplained abdominal pain, and the 
surgeon and the pathologist will have to 
keep a better watch for disease of these 
structures. Scarring lesions have been 
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found in the sympathetic ganglia,* lesions 
which might easily give rise to pain. 
Strange to say, the large sympathetic 
ganglioneuromas do not ordinarily cause 
pain,t but those of von Recklinghausen’s 
disease sometimes do. As Wohlwill says, 
the discouraging feature is that serious 
degenerative changes can sometimes be 
found in the sympathetic nerves of 
patients who died uninterestingly of well- 
known diseases, while nothing wrong 
can be found in ganglia removed for 
the relief of severe neuralgia, asthma, 
or angina. 

The problems taken up in this paper are 
not easy to solve and much remains to be 
done; most of the patients with unex- 
plained abdominal pain are not sick enough 
to require or to accept nerve-blocking 
measures, but some of them are incapaci- 
tated, and I believe the time has come when 
the gastroenterologist should at least be 
aware of the fact that the neurosurgeon 
might be able to help him. As Grant has 
pointed out, when the neurosurgeon can 
be of help he should be given a chance to 
see the patient before he or she has become 
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so demoralized by suffering that nothing 
really curative can be attempted. 


SUMMARY 


There are many patients with severe, 
as yet unexplainable, abdominal pain 
who might perhaps be relieved by some 
form of nerve blocking. The present article 
represents a brief summary of what is 
known about the ways in which such 
blocking might be done. 

The pathways of sensory fibers leaving 
the abdomen are outlined. Most of these 
fibers leave by way of the splanchnic 
nerves. The technique of cutting the vari- 
ous nerves or of blocking them with novo- 
caine and alcohol is briefly described, and 
the results of such operations on animals 
and men are reported. 

Many difficulties remain to be overcome 
and much needs to be learned about the 
possibilities and limitations and disadvan- 
tages of nerve sectioning. Great care will 
have to be exercised in choosing patients 
for study or operation, and good sense and 
conservatism will later have to enter into 
the judgments made as to the results of the 
treatment. 
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THE INJURED ABDOMEN* 


A CONSIDERATION OF VISCERAL INJURIES DUE TO TRAUMA WHERE THE 
ABDOMINAL WALL HAS NOT BEEN PERFORATED} 


Hucu RosertTson, M.D. 


SAYRE, PA. 


INTRODUCTORY 


T is believed by competent observers 
that intra-abdominal injuries are in- 
creasing in frequency. The automobile 

appears to be the chief causus belli, but 
it must not be made the scapegoat for all 
the lacerated livers and torn spleens. 
Coasting accidents, falls upon the flat of 
the back or against objects, football and 
baseball injuries, kicks by domestic ani- 
mals, and boxing must all take their share 
of the liability for the carnage. 

The subject of visceral injuries has 
created more controversies and_ bitter 
disputes than any other recent theme of 
consideration in the surgical journals. 
We have undertaken to review the recent 
polemic literature concerning these injuries, 
correlate it with our own experiences, 
and attempt to strike a balance. 

All the case histories in this paper are 
from the records of the Robert Packer 
Hospital, Sayre, Pa., and have been used 
with the kind permission of Dr. Donald 
Guthrie. 

We wish to acknowledge our apprecia- 
tion to Dr. Donald Guthrie, Dr. George 
Hawk, and Dr. Charles DeWan for their 
valuable suggestions and assistance in 
the preparation of this monograph. 


PART I. GENERAL CONSIDERATIONS 


1. THE Prosiem. To better visualize 
what can happen when the abdomen is 
subjected to trauma, we like to think of 
the abdominal cavity as a basket of eggs 
covered with a sheet. The injuries we are 
discussing are that type in which the eggs 
are cracked or broken without the sheet’s 
being torn. 


A laparotomy is a serious affair, espe- 
cially in children, and entails a very definite 
risk. The anesthesia, operative shock, and 
the omnipresent danger of postoperative 
adhesions or hernia in the long exploratory 
incision, are all taken too lightly by many 
men. The opinions presented in recent 
medical literature are most confusing, 
and swing precariously from ultraconser- 
vatism to ultraradicalism. An impartial 
review of recent papers reveals the follow- 
ing facts: 

1. All are agreed that operation should 
be deferred until the primary shock has 
subsided. 

2. Opinion is widely divided as to the 
advisability of an exploratory laparotomy. 

3. All are agreed as to the difficulties 
surrounding diagnosis of subcutaneous 
visceral injuries due to trauma. 

The problem, then, is one of more 
efficient diagnosis. Since most of the 
controversy concerns the _ exploratory 
laparotomy, any further addition to the 
literature of this subject should deal with 
maneuvers which would tend to make 
exploration less necessary. 

1. THE AsppomMiINAL WALL. The wall 
of the abdomen is a musculotegumentous 
sling in which the viscera, together with 
their blood and nerve supply, are hung 
from the bony framework of the body. 

The skin, because of its elasticity, does 
little of the actual supporting, as witness 
its flabbiness in the hernias and its tend- 
ency to tear with the formation of striae 
during pregnancy, or in the presence of a 
large tumor, or in obesity. Conversely, 
it is of little protection to the viscera 
against external assaults. 
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It will be recalled that the points of 
least resistance, so far as the thickness 
of the abdominal wall is concerned, are 


the linea alba and the lineae semilunares. 
These areas extend longitudinally over 
the abdomen. Only in very rare instances 
does the traumatic force strike parallel 
to one of these lines, for the great majority 
of abdominal wounds are across the 
abdomen. Because of this, the bulk of 
the abdominal muscles and subcutaneous 
fat is thrown in the path of the invading 
force, and sharp, cutting force is trans- 
formed into dull, crushing force. Only the 
slender individual, with flabby abdominal 
muscles and no subcutaneous fat, is sub- 
jected to visceral injuries due to sharp, 
cutting force. About 95 per cent of non- 
penetrating abdominal injuries are due 
to crushing or - ydraulic force. 

The unprotected area of the abdomen 
consists of a diamond shaped area bordered 
cephalicly by the angle of the ribs and 
caudally by the angle of the iliac crests. 
Across this area extend the intercostal, 
iliohypogastric, and ilioinguinal nerves. 
These nerves ramify the abdominal mus- 
cles. It is well to remember that they 
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have cutaneous as well as muscular 
branches. It is difficult to imagine any 
injury of the abdominal wall not involving 


III 


Fic. 1. Unprotected anterior abdomen. 1. Male adult. 1. Child. 11. Female adult. a. Liver. B. Stomach. 


these nerves, which therefore have an 
important bearing upon the interpretation 
of symptoms following an injury. 

In obesity, the weight of the subcuta- 
neous fat and a fatty omentum drags upon 
the abdominal wall causing it to bulge 
below and to become stretched and thinned 
above. The upper abdomen of the fat 
man, contrary to popular opinion, is there- 
fore no better protected from trauma than 
that of the thin man. 

The tonicity of the abdominal muscles 
has much to do with the protection of the 
viscera. Witness the sudden spasm of 
the muscles upon a dash of cold water tothe 
skin. In muscular individuals the abdomi- 

nal muscles have a very real protective 
potential. Fright causes contraction of 
many muscles, including the abdominal 
recti. In the fraction of a second before 
the crash the driver will utter a gasp, hold 
his breath, and “freeze” to the steering 
wheel. We have all seen motion pictures 
of professional strong-men who stand 
brazenly with bared abdomen and with- 
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stand battering rams wielded by three 
or four men. 
The abdominal wall lies very much closer 


Fic. 2. Left, usual conception; right, actual frozen 
section. AB, distance from belly wall to bodies of 
vertebra. 


to the bodies of the lumbar vertebrae than 
we usually think. This will become con- 
vincingly apparent upon examination of 
sagittal frozen sections. This proximity 
is even more marked in children, where 
the two structures may lie but 3 cm. apart. 

The bony prominence of the lumbar 
vertebrae is padded with prevertebral 
fascia, much areolar tissue, the elastic, 
tense aorta, and the root of the mesentery, 
but this padding is more the consistency 
of a well rounded boxing glove than of a 
Charles of London chair. It is not such a 
cushion as one might suppose. 

Of the posterior wall of the abdomen 
there is little to say here, except that the 
primates are the only mammals for which 
this thick buttress of bone and muscle 
avails nothing so far as protection from 
usual assaults is concerned. 

1. THE MEcHANICS OF VISCERAL IN- 
jurIES. Solid organs such as the liver, 
spleen, pancreas, or the normal kidney 
may be torn by direct or transmitted force 
just as the brain is lacerated by a blow 
which need not crush the skull. The pan- 
creas Is probably the best protected of this 
group, and is badly damaged only in those 
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extensive injuries which are usually in- 
stantly fatal. The liver and kidneys are 
possessed of tough limiting membranes 
(capsules), which tend to make these 
organs somewhat elastic. The spleen pos- 
sesses no such protective membrane; its 
limiting membrane is so fragile and thin 
as to be undeserving of the name “capsule”’ 
as we ordinarily understand this term. 
Moreover, the spleen is of granular con- 
sistency, and hangs from a pedicle much as 
an apple hangs from a tree. For these 
reasons we find damage to the spleen more 
frequently than we do fractures or tears 
of the liver or kidney. 

The results of a crushing force applied to 
elastic and non-elastic objects are quite 
different. We do not say that the liver and 
kidney are elastic and that the spleen is 
non-elastic; the comparison is one of 
relativity. The spleen is less elastic than 
the others. 

A solid organ may be torn from its 
pedicle by direct force (stretching beyond 
the pedicle’s limit of elasticity), or by the 
whipping action of the recoil. An apple 
may be either knocked from its tree or 
shaken off. 

All this may at first appear to be very 
elementary, but it explains very satis- 
factorily why we see such severe splenic 
destruction (the spleen torn asunder and 
lying free in the peritoneal cavity or 
ruptured into three or four fragments) 
with comparatively slight traumatic force, 
while injuries to the liver and kidney 
may be inconsiderable following extensive 
trauma. 

Hollow viscera are most frequently 
injured by bursting. Because such injuries 
are due to the transformation of a blow 
into hydraulic force, any condition such as 
distention of a viscus favors such injury. 
A normal stomach, greatly distended after 
a meal, and further distended by the 
ingestion of considerable fluids, is especially 
susceptible to injury. Consider the liability 
of the bladder to rupture when greatly 
distended. 

The possibility of bruising the intestinal 
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wall by crushing it against the vertebral 
bodies has already been mentioned, and 
will be discussed in more detail later. Such 
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normal viscera, it is readily seen that 


pathology of the organs makes injury all 
the more likely. 


The greatly enlarged, 


Fic. 3. Flank damage by a rumble seat. Arrow indicates 
direction of blow imparted to area containing spleen 
and left kidney when occupant thrown against side of 
seat compartment. 


a contusion is the cause of delayed rupture 
of the intestine reported occasionally. 

There is a very real danger of mesenteric 
injury following blows to the abdomen. 
Although I have seen but one instance of 
this, I believe that such injuries occur more 
frequently than we suspect. Certainly the 
mesentery of the jejunum and the ileum 
is analagous to the pedicle of the spleen, 
and like trauma should produce like 
results. 

All of us know how rapidly a hematoma 
will form when a small vessel bleeds 
beneath the serosa. Also we know how little 
trauma is needed to tear these retroperi- 
toneal vessels. The mechanism of injury to 
these vessels is merely the stretching of 
them beyond their limit of elasticity, the 
stretching being induced by either force 
or contra-force. Since such an injury is so 
easily induced it is not strange that many 
men report that they find retroperitoneal 
hematoma to be the most frequent injury 
in the traumatized abdomen. 

Occasionally the sharp end of a frac- 
tured rib may perforate the diaphragm 
and tear a hole into the stomach or 


intestine. 
After such a 


discussion of injury to 


Fic. 4. Epigastric damage by a rumble seat. Arrow 
indicates direction of blow imparted to area con- 
taining lower edge of liver, gall bladder, and stomach 
when occupant thrown against forward edge of 
compartment. 


tense spleen of malaria or uncinariasis will 
be easily fractured. An enormous liver, 
extending well down to the umbilicus, and 
rendered brittle by cirrhosis, can be very 
easily torn. A very slight jolt from the 
arm-rest of a rumble-seat is all that will be 
necessary to rupture a pyonephrotic kid- 
. Very minimal j jarring may cause the 
suai of a gastric or duodenal ulcer. 

It is well to keep in mind the ease with 
which a spontaneous fracture of a carcino- 
matous bone occurs. One can never then 
minimize slight trauma to an abdomen 
which may possibly contain pathologically 
weakened viscera. 

THE Picture oF INTRA- 
ABDOMINAL INJuRY. The astounding thing 
about severe non-penetrating injuries of 
the abdomen is the fact that primary shock 
is so mild. Commonly the injured will walk 
from the scene of the accident with pieces 
of a ruptured liver or spleen lying free in 
the abdominal cavity. Frequently they are 

taken to physicians’ offices or hospital 
dispensaries, examined, and sent home. 
When questioned, they say they feel tired, 
or have vague, ill-at-ease sensations. Usu- 
ally they have very little pain or discom- 
fort. Examination, even when most 
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carefully done, may show absolutely 
nothing. There may not even be an 
abrasion. Ecchymotic areas will not de- 
velop for a day or more. 

Secondary shock is as severe and terri- 
fying as the primary shock is mild. It 
develops rapidly once it is under way. 
The patient feels faint, nauseated, and 
wants to lie down. Often he falls over in 
syncope. When seen soon after this, the 
patient is pale, restless, the skin is cold and 
moist, and there is marked thirst or even 
air-hunger. Anything he attempts to drink 
is vomited. His pulse is above 100 and 
feeble. The abdomen begins to show signs 
of distention. 

Soon very definite signs of visceral 
injury become apparent. Hemoglobin, red 
blood cells, or bile may appear in the 
urine. Jaundice may develop. Usually 
there is a leucocytosis with a preponder- 
ance of the neutrophiles. The abdomen is 
increasingly rigid. There may or may not 
be distention. Always there is either 
generalized or localized tenderness. Since 
these signs are the only tangible things 
upon which we must depend for diagnosis, 
they will be discussed more fully later. 

The onset of symptoms has been so 
abrupt and the patient has had such a 
horrifying time that relatives are frantic. 
They want “something done” immediately 
upon the patient’s admission, at which 
time he is usually in severe shock and least 
able to withstand any operative proce- 
dures. The relatives have been taught that 
immediate operation is the expected thing 
in such cases, and it is difficult at times to 
persuade them otherwise. Now is the time 
for cool and careful reasoning on the part 
of the surgeon. He must not be coerced 
into doing something his better judgment 
tells him not to do, even though the 
insistence of misguided parents or friends 
is most strenuous. Certain things, if 
explained to the most impossible families, 
will make them docile and cooperative. It 
should be explained, for example, that an 
operation should have but one object in 
view, namely, doing something which will 
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alleviate the suffering and make the 
convalescence more rapid. When nothing 
definite can be done, tinkering is danger- 
ous. An unwise operation cannot be 
remedied, only regretted after the patient 
dies. The “maybe” policy is fatal in these 
cases. 

v. THe Diacnosis. Accurate diagnosis 
is the key to the riddle. This diagnosis 
should be built carefully and _ slowly, 
weighing and shaping each sign and 
symptom until a clear and definite conclu- 
sion is reached. Then and only then should 
we speak of treatment except for primary 
shock. We must not neglect the badly 
shocked patient while we search for a 
diagnosis. 

The history is of great importance. 
Begin with a careful analysis of the 
accident. How was the patient standing 
when the blow was struck? What was the 
nature of the object which struck him? 
Was it sharp, rounded, or flat? Merely 
saying that a person was struck by an 
automobile or fell from a ladder is but 
scratching the surface. Was he struck by 
the bumper in the flank and thrown to one 
side, or was he dragged beneath the car? 
Did a wheel pass over him? Such details 
are important because very different in- 
juries may result from each of these 
instances. We have the making of a real 
detective story here, and we must follow 
all clues minutely. 

Consider next, the past medical history 
of the patient. It has been explained that 
pathology makes an organ especially prone 
to traumatic injury. Is there a possibility 
that the man could have had a duodenal 
ulcer which had ruptured due to the 
trauma? Has he hydrops of the gall bladder 
or a hydronephrotic kidney? Is he an 
epileptic? Has he recently had anything to 
suggest an intercostal neuralgia or herpes 
zoster? Did he ever have malaria? Is he an 
alcoholic (watch out for delirium tremens 
following any trauma)? 

Supposing now, from the history, we 
have learned that in all probability the 
injured person’s viscera were normal at the 
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II. 
A Pointed Blow to the Right Flank: 


W 


time of the accident. The following might 
have happened: 
A Pointed Blow to the Epigastrium: 
2. 


Contusion or laceration of the liver, 
Rupture or laceration of the gall 
bladder, 

or contusion of the 
stomach, 

Extraperitoneal hematoma of an- 


terior wall. 


A Deep Crush of the Epigastrium: 
I. 


Rupture of the right lobe of the 
liver, 
Complete 
bladder, 
Hematoma of omentum, 
Contusion or rupture of pancreas, 
Rupture or contusion of duodenum, 
Rupture or contusion of jejunum, 
Retroperitoneal hematoma of pos- 
terior wall, 

Rupture or contusion of transverse 
colon, 


separation of gall 


. Thrombosis of gastroepiploic ves- 


sels, 

Thrombosis of superior mesenteric 
vessels, 

Laceration of mesentery. 


Extraperitoneal hematoma of right 
wall, 


. Contusion or laceration of right 


kidney, 
Rupture 
bladder, 


Contusion of ascending colon. 


or laceration of gall 


A ine Crush of the Right Flank: 


Fracture of the right kidney, 
Complete separation of the gall 
bladder, 

Rupture of right lobe of the liver, 
Contusion or rupture of the ascend- 
ing colon, 

. Thrombosis of colic vessels. 


A Pointed Blow to the Left Flank: 


1. Extraperitoneal hematoma of the 


left wall, 


. Contusion or laceration of left 


kidney, 


. Contusion or laceration of spleen, 
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4. Contusion of descending colon, 

5. Contusion or laceration of jejunum. 
A Deep Crush of the Left Flank: 

1. Fracture of the left kidney, 

2. Rupture of the spleen, 

3. Contusion or laceration of descend- 
ing colon, 

Contusion or laceration of jejunum, 
Contusion or laceration of ileum, 
Thrombosis of inferior mesenteric 
vessels. 

A Pointed Blow to the Lower Abdomen: 

1. Extraperitoneal hematoma of the 
anterior wall, 

Contusion or laceration of ileum, 
Contusion or rupture of the 
bladder, 

4. Hematoma of cord at external 

inguinal ring, 

Hematoma of omentum. 
A Deep Crush of the Lower Abdomen: 
. Rupture of the bladder, 
Contusion or rupture of the ileum, 
Retroperitoneal hematoma of pos- 
terior wall, 

4. Thrombosis of inferior mesenteric 

vessels, 

5. Laceration of the mesentery. 

Tearing of the portal vein or its imme- 
diate branches, and rupture of the aorta 
are not listed, for although these accidents 
sometimes follow deep crushes of the 
abdomen, death in such cases is almost 
instantaneous. For the same reason we do 
not list damage of the pancreas by a dis- 
located vertebra. 

In these cases a careful physical ex- 
amination is of much more value than the 
laboratory tests. The examination should be 
most painstakingly done, and should be 
repeated every few hours until definite 
conclusions have been drawn for the 
conduct of the case. It is surprising how 
completely the physical findings will 
change from hour to hour. Conclusions 
drawn from one superficial examination 
are apt to be not only worthless but 
hazardous. 

Very few routines for the examination 
of the abdomen approach the finesse of 
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Howard A. Kelly’s. That which follows is 
an adaptation of his. 

Routine Examination of an Injured 
Abdomen: 

1. Note the general appearance of the 
abdominal wall. Is it fat, well nourished, or 
scaphoid? Are there any abrasions, con- 
tusions, or ecchymotic areas? Is there any 
distention? 

2. If the patient is stout, lift up a fold 
of the wall and measure its thickness 
between the fingers. Visualize the fact that 
this much padding was interposed between 
the viscera and the blow. 

3. Very gently examine the entire ab- 
domen with the pads of the fingers for 
unduly tender spots and areas of increased 
resistance. What sort of tonicity has the 
abdominal muscles? 

4. With light, penetrating pressure pal- 
pate the stomach, liver, and spleen. Note 
particularly any wincing by the patient 
during this procedure. 

5. Gently palpate the entire colic area. 

6. Gently palpate the umbilical area. 

7. Bimanually palpate each kidney. You 
will need deeper pressure for this. Have 
the patient take a full breath, and as he 
expires bring the fingers of both hands 
together. 

8. Percuss the midline of the abdomen, 
then the flanks, then slowly turn the 
patient from one side to another and 
percuss for shifting dullness. 

9. Do not forget to examine the inguinal 
and femoral rings. 

10. Palpate along the course of the 
intercostal nerves. Pinch the skin along 
the course of these nerves. Have the 
patient raise his heels from the bed and 
repalpate any tender areas of the abdomen 
(Carnett’s procedure). 

In order to comprehend the meaning of 
the symptoms and signs following abdomi- 
nal injury, one must review the physiology 
underlying them. 

Pain is the most common of the symp- 
toms. It is due to one, and only one cause, 
stimulation of sensory nerve endings. 
Usually this stimulation is due to pressure, 
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but occasionally it is caused by chemical 
reactions of toxic materials. The most 
frequent cause of pressure is edema about 
the nerve endings, but distention, accumu- | 
lation of fluids, or displacement of the 
viscera also cause pain by pressure upon 
nerve endings. 

The skin of the abdomen is liberally 
supplied with sensory nerve endings of 
the intercostal, iliohypogastric, and _ilio- 
inguinal nerves. The underlying muscles 
are equipped with penetrating branches 
of these nerves. These penetrating branches 
ramify the transversalis muscle and send 
twigs to the parietal peritoneum. On the 
whole, the direction of these terminal 
branches are toward the midline. In 
addition, in harmony with the develop- 
mental changes of position of the abdomi- 
nal muscles, the terminal filaments are 
directed upward. These filaments form a 
plexus, give off medullated fibers terminat- 
ing in end-organs in the serous and sub- 
serous layers, and non-medullated fibers 
ending in fine meshes about the blood 
vessels. The medullated fibers are motor 
and sensory; the non-medullated fibers 
are vasomotor. The diaphragmatic peri- 
toneum is supplied by the phrenic. nerve 
in addition to the intercostal and sym- 
pathetic fibers. 

The parietal peritoneum, then, is sup- 
plied by cerebrospinal nerves, and is 
exquisitely susceptible to pain stimula- 
tion. It possesses, in addition to the sensory 
nerves, sympathetic fibers associated with 
those of the visceral peritoneum. 

The visceral peritoneum possesses no 
pain nerve-endings whatever. It is liberally 
supplied with sympathetic twigs from the 
large abdominal plexuses which are in 
turn formed by the splanchnics. Stimuli 
such as stretching, or chemical irritation 
by toxins, are carried to the various 
sympathetic ganglia and cause reflex pain- 
ful stimuli in that section of the cord 
from which the medullated fibers to the 
skin overlying the source of the stimulation 
spring. Also, because these medullated 
fibers are motor as well as sensory, the 
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abdominal muscles covering this area are 
thrown into contraction. A slightly stimu- 
lated nerve is hypersensitive. Pressure 
over a reflexly stimulated nerve causes 
wincing (tenderness), and spasm of the 
muscles supplied by the nerve. 

We are now in a position to draw some 
conclusions in regard to pain, tenderness, 
and rigidity in the traumatized abdomen. 

Pain in the abdomen after injury may 
mean: 

1. Direct stimulation of a cutaneous or 
muscular nerve twig. This may result 
from: 

a. Direct nerve injury, or 
b. Pressure due to a hematoma. 

2. Direct stimulation of a parietal peri- 
toneal twig. This is usually due to a 
retroperitoneal hematoma, but may 
also indicate a beginning peritonitis, 
distention due to hemorrhage into 
the peritoneal cavity, or distention 
of coils of intestine by gas. A careful 
physical examination should differen- 
tiate such causes. 

3. Reflex stimulation arising in the 
visceral peritoneum. This may result 
from: 

a. Contusion of a viscus, 

b. Fracture or rupture of a viscus, 

c. Distention of the visceral peri- 
toneum by hemorrhage beneath it, 

d. Distention due to gas in the 
intestine, 

e. Toxic stimulation from: 
beginning peritonitis, 
stagnation of bowel contents, 
disintegration of a hematoma. 

4. Reflex stimulation from direct trauma 
to a sympathetic plexus. 

It will be seen that the location of the 
pain, especially of referred pain, is often 
of little help in the diagnosis because of 
the intricacies (or rather the eccentricities), 
of the reflex stimulus. 

The mechanism of tenderness and rigidity 
has been explained. These signs are more 
indicative of the seat of damage than 
abdominal pain. Right-sided rigidity and 
tenderness usually mean right-sided pathol- 
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rigidity and tenderness 
But 


ogy; left-sided 
usually mean left-sided pathology. 
there are exceptions. 

If the stimulus arises from the anterior 
abdominal wall or the parietal peritoneum 
(hematoma of the subcutaneous tissues or 
muscles, retroperitoneal hematoma, or 
localized peritonitis), the rigidity and 
tenderness should correspond exactly to 
the region of injury. If the stimulus arises 
from the visceral peritoneum there may 
be no relation at all between the location 
of the rigidity and tenderness and the 
site of injury. This fact is important to 
bear in mind, for many men depend upon 
rigidity and tenderness for indices of 
exploratory laparotomies. This is an un- 
safe practice because: 

1. The conditions in which we may 
depend upon rigidity and tenderness for 
the exact location of pathology (hematoma 
of subcutaneous tissues and retroperitoneal 
hematoma), are injuries not warranting 
operation. 

2. Localized peritonitis can be accu- 
rately diagnosed by the position of rigidity 
and tenderness, but in the type of injuries 
under discussion, localized peritonitis sel- 
dom occurs. Because the injury is due to 
an intense force, any perforation of a 
hollow organ Is accompanied by a squirt- 
ing out of its contents into the peritoneal 
cavity, and a generalized peritonitis exists 
from the start. There should be no diffi- 
culty in the diagnosis of generalized peri- 
tonitis, in which immediate operation is 
advised by all who have studied this 
problem. 

3. Injuries to the visceral peritoneum, 
in which case operation is often indicated, 
give very unreliable evidences of rigidity 
and tenderness. 

Vomiting usually occurs because of the 
jolt to the sympathetics and the shock 
which usually accompanies these injuries. 
The pathway for the vomiting reflex is 
from the sympathetics to their ganglia, 
to the splanchnics, to the phrenics, to 
the diaphragm. This early vomiting is 
quite different from that which may follow 
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later due to ileus or peritonitis, and is 
associated with other signs of shock, such 
as a running, weak pulse, subnormal 
temperature, pallor or lividity, and shallow 
breathing. Such vomiting is characterized 
by an expulsive emptying of gastric con- 
tents. As long as the stomach remains 
empty there is no vomiting. This vomiting 
is to be expected and should be explained 
to the family of the patient. 

If the early vomiting gives way to the 
vomiting of reverse peristalsis much signi- 
ficance is to be attached to it. Instead of 
the expulsive emptying of stomach residue 
there is now a sudden welling up of large 
quantities of yellow or brown fluid, ex- 
pelled without force. This is the vomiting 
of dynamic ileus, which ileus may be 
caused by either profound shock or spread- 
ing peritonitis. It is highly important 
that one should differentiate between these 
two causes. 

Meteorism. A certain amount of dis- 
tention follows all abdominal injuries. 
This is due to dysfunction of the sympa- 
thetics, and the condition is analagous to 
the postoperative ileus which follows much 
handling of the viscera. John B. Deaver 
had great respect for the abdominal 
sympathetics, and advised great gentleness 
in operative manipulation of viscera. If 
too industrious retraction by an assistant 
can cause an obstinate ileus, think how 
much distention a severe blow to the 
abdomen can cause without any definite 
visceral injury. 

Fever. A rise in body temperature 
above normal frequently follows the sub- 
normal temperature of shock. This may 
be caused by infection, absorption of 
blood by the peritoneum or subperitoneal 
tissues, or the absorption of toxins from 
distended loops of bowel. DeWan likens 
the fate of extravessel blood to that of a 
gangrenous foot. There is death and dis- 
integration of both, with a corresponding 
absorption of toxic products. The gangren- 
ous foot is visible; the gangrenous hema- 
toma is invisible. This is an exaggerated 


Injured Abdomen 


American Journal of Surgery 


403 
simile, but fever, chills, malaise, and 
leucocytosis occur in both conditions. 

Hertzler says that absorption of blood 
by the peritoneum begins in four hours 
and should be completed in forty-eight 
hours. Clot formation in the peritoneal 
cavity is very limited. Blood outside the 
peritoneum is much more slowly absorbed, 
and may take days. Most of the soluble 
material is absorbed by the blood vessels. 
Absorption of insoluble material is by the 
lymphatics. Morphine, by slowing peristal- 
sis, delays all absorption from the peri- 
toneal cavity. Dandy and Rountree show 
that toxic material is absorbed with equal 
rapidity from any area of the peritoneum. 

The septic type of fever, with a late 
afternoon rise and a morning drop is 
characteristic of all abdominal injuries, 
and is therefore of little diagnostic value. 

Leukocytosis. As pointed out previously, 
a high differential count helps very little 
in differentiating a peritonitis from an 
intraperitoneal or retroperitoneal hemor- 
rhage, but it does show definitely that there 
is more than “hysteria” in a restless 
patient who has been thought to be trivi- 
ally injured. It appears quite early after 
injury and is evident for a_ prolonged 
period. 

Urinalysis is of much value. Much whole 
blood in the urine of a patient with a 
flank injury should cause grave suspicions 
of kidney injury on that side. But hema- 
turia does not mean kidney rupture, and 
certainly it is not by itself an indication 
for nephrectomy. Very slight kidney 
trauma will cause quantities of red blood 
cells to appear in the urine, and several 
days later the urine is normal again. 
One must be sure that the patient has 
not been passing blood in his urine prior 
to the injury. Hemoglobinuria will follow 
hemorrhage anywhere in the body. 

After being fooled once by a ruptured 
gall bladder, we are always on the lookout 
for bile in the urine. A careful watch for 
acetone and diacetic acid will prevent 
one from attributing any vomiting of 
acidosis to other causes. 
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X-ray. Recently there has been much 
discussion of the value of the roentgen 
ray in the diagnosis of gut perforation. 
Fluoroscopy reveals a large gas bubble 
after perforation, which bubble varies 
with the position of the patient, and can 
be manipulated by pressure. This would 
appear quite different from a colonic gas 
bubble, for gas in the intestine is more or 
less fixed, and is manipulated with diffi- 
culty. Gas escaping from a rent in the 
intestine tends to form a bubble in the 
highest possible location, as, for example, 
in the dome of the diaphragm when the 
patient is erect. With the patient on his 
side, the bubble would migrate to the 
flank. 

With a perforation, however, one should 
remember that there is a concomitant 
peritonitis, consequently adhesion forma- 
tion may cause strange variations in the 
roentgen findings. Also, in this day of 
many operations, one must expect adhe- 
sions in unlooked-for places, so an abdomi- 
nal scar should make one wary. Adhesion 
of the liver to the anterior chest wall 
might prevent any gas from getting into 
the diaphragmatic dome. Adhesions may 
form pockets into which the escaping gas 
would collect and remain, change of 
position or manipulation notwithstanding. 
Personally, we have always been timid 
about subjecting a badly shocked patient 
to an x-ray examination, because of the 
necessary manipulations and the moving 
about that is required. We would advocate 
this procedure only in the exceptional 
case. 


PART II. PRACTICAL CONSIDERATIONS 


GENERAL REMARKS. FREQUENCY OF 
THESE INJuRIES. We have attempted to 
list the injuries which occur within the 
traumatized abdomen as to their fre- 


quency. No attempt has been made to 
arrive at percentages. 

1. Shock to the celiac plexus with no 
organic damage. 

2. Injury to the subcutaneous tissues, 
muscle, and intercostal nerves. 
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3. Hemorrhage subcutaneous 
tissues. 

4. Retroperitoneal hemorrhage. 

5. Omental and mesenteric injuries. 

6. Injury to the spleen. 

7. Injury to the liver and gall bladder. 

8. Injury to the kidney. 

g. Injury to the pancreas. 

10. Injury to the stomach. 

. Injury to the intestine. 

The records of the Robert Packer 
Hospital tend to substantiate all of the 
items listed here except the first three, 
which have been added theoretically. 
Certainly very few of those receiving blows 
to the abdomen are seen by physicians 
or require any surgical treatment. 

The sinister import of the whole subject 
is that these injuries occur when least 
expected. 

1. RETROPERITONEAL HemMatoma. Many 
believe that retroperitoneal hemorrhage 
constitutes the bulk of abdominal 
injuries which have symptoms sufficient 
to bring the patient to a physician for 
relief. This hemorrhage may be in the 
anterior, lateral, or posterior walls of the 
abdomen, in the mesentery or omentum, 
beneath the capsule of the liver, spleen, 
or kidney, or beneath the serosa of the 
stomach or intestine. 

The pathology of the condition is one 
of continued extraperitoneal oozing from 
small vessels torn by the impact. Because 
of the flaccidity of the adjacent structures, 
a hematoma formed beneath the _peri- 
toneum rapidly increases in size, but 
eventually exerts enough pressure upon 
the bleeding points to establish hemostasis. 
Hematomas formed in this fashion vary in 
size from that of a split-pea to that of a 
large orange. It is surprising what a large 
hematoma can result from the tear of 
such small vessels. 

The fate of the hematoma is an interest- 
ing one. The small hematoma is hastily 
absorbed with a rapid disappearance of all 
symptoms and nothing to mark its site 
except a localized deposit of hemosiderin. 
The larger hematoma becomes organized, 
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the symptoms due to its absorption are 
more prolonged, and its site is marked by 
a pearly gray, dimpled scar. Occasionally 
the hematoma becomes encysted because 
of necrosis of the central portion with 
dense fibrinization of the periphery. Such 
cysts are painless tumors, and may become 
quite large. Very rarely does the hematoma 
become infected and is replaced by an 
abscess. 

Symptomatically, the retroperitoneal 
hematoma resembles its associated trau- 
matic conditions so closely that it is often 
impossible to differentiate it from them. 
The patient shows signs of mild intra- 
abdominal hemorrhage. He usually vomits 
and complains of cramps about the umbili- 
cus. His abdomen may or may not be rigid 
and distended; usually it is. There is no 
free blood in the peritoneal cavity, hence 
no shifting dullness. The blood pressure 
is only slightly lowered. The pulse may be 
quite fast but of fair volume. Usually 
there is a leukocytosis of about 18,000 
with a neutrophilic increase. The whole 
abdomen may be tender, or the tenderness 
may be localized at any point. 

All those cases giving such signs and 
symptoms, yet not showing definite signs 
of severe hemorrhage or peritonitis should 
be tentatively diagnosed as retroperitoneal 
hematoma and treated conservatively. 


Case 1. J. B., 817819, male, aged fourteen. 
Admitted six hours after an automobile wheel 
had passed over his abdomen. He was uncon- 
scious for a minute or so, then felt better, and 
was taken home. A half hour later he vomited 
three times and had severe abdominal pain. 

The abdomen was very tense, distended, and 
tender throughout. Pulse 90, temperature 
96°F., white blood corpuscles 11,000, 85/15. 

At operation a large retroperitoneal hema- 
toma was found near the right kidney. A pack 
was inserted, leaving an end protruding from 
the wound for drainage. 

Following the operation the boy went into 
severe shock and nearly died. Very stormy 
convalescence. 

The pack was removed with gas anesthesia 
twelve days later. Discharged as cured a month 
after admission. 


Robertson—Injured Abdomen 


American Journal of Surgery 


405 


Case P. D., 815868, male, aged thirty- 
seven. Admitted three hours after being 
knocked against a caboose railing, striking 


against his right loin. He was dazed but not 
unconscious, and lay prone for several minutes, 
after which he was found and carried to a bunk. 
Soon he felt better and walked about. An 
hour later he became nauseated, vomited, and 
had severe abdominal cramps. He felt weak 
and dizzy. He was admitted with intense 
abdominal pain. His abdomen was distinctly 
rigid, quite tender on the right side, and 
somewhat distended. Pulse 90, temperature 
97°F., W.B.c. 18,300, 89/11. Two days after 
his admission his pulse went to 115, his tem- 
perature to 102°F., and he began to vomit 
again. He was very dissatisfied and wanted an 
operation. On conservative treatment, he soon 
felt better. Discharged in ten days, feeling 
well. No recurrence of any symptoms. 


Case 1. R. D., B20909, male, aged twelve. 
Admitted two days after a collision with a 
fence post while coasting. The post struck him 
midway between the lower border of the costal 
cage and the left ilium. The blow dazed him, 
and he lay in the snow for a while, then felt 
better and walked to school. He had pain in 
his abdomen all that afternoon. That night 
he began to vomit, which continued until 
admission. The vomitus consisted, at first, 
of undigested food, but later was dark green 
and copious. 

Abdomen slightly distended. Generalized 
abdominal tenderness. Some slight rigidity. 
No dullness in either flank. No masses felt. 
Temperature 101°F., pulse 110, W.B.C. 17,100, 
83/17, urine negative. Diagnosis, retroperi- 
toneal hematoma. Placed under conservative 
treatment. Vomiting ceased, pain disappeared, 
temperature came to normal. Against our 
advise, he was taken home in four days, and 
was outdoors playing three days later. 

He complained constantly of vague pain in 
his left side. Appetite fair, bowels regular, 
slight nausea, no vomiting. Four weeks after 
leaving the hospital he noticed a swelling in 
his upper left abdomen. This increased in 
size each day. No acute pain. No vomiting. 
Because the tumor grew quite large the 
parents became frightened and brought him 
back to the hospital. Readmitted five weeks 
after the accident. Abdomen greatly distended, 
especially in upper left quadrant. Mass about 
the size of a large grapefruit felt in this area. 
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Percussion over the mass was dull. The tumor 
was tense when palpated. General condition 
of patient excellent. Temperature 98°F., pulse 
80, w.B.c., 6800, 53/47, urine negative. 

Diagnosis retroperitoneal cyst. Operation 
advised. Operation revealed a huge cyst con- 
taining several quarts of clear hemorrhagic 
fluid. The tumor lay between the folds of the 
gastrocolic omentum and extended backward 
behind the stomach. The cyst was evacu- 
ated and a rubber tube left in the cavity for 
drainage. 

Mild convalescence. Wound healed kindly 
with no drainage. Discharged as cured three 
weeks after the operation and eight weeks 
after the accident. 


Our retroperitoneal hematoma patients 
have done best when kept in bed for a 
week or ten days, made comfortable with 
codeine and ice-bags, and limited to fluids 
until the nausea and distention disappear 
entirely. They are then advised to avoid 
all heavy work or sudden strains for at 
least three weeks. 

11. SpLENIC Damace. By nature the 
spleen is the poorest protected of the 
abdominal organs. It is soft, non-com- 
pressible, unusually vascular, and has 
no real protective capsule. At the next 
autopsy, take a piece of fresh spleen 
between your fingers and see how easily 
it is broken. Its protection by the lower 
left ribs and the diaphragm is more appar- 
ent than real, for very slight trauma will, 
at times, cause great damage to this 
organ. 

Crushing injuries may cause frightful 
trauma to the spleen, but bad jolts and the 
whipping action of its pedicle are respon- 
sible for most splenic damage. Whole 
pieces of splenic tissue may break off and 
lie loose in the abdominal cavity. Also, 
very slight injuries, such as small lacera- 
tions or contusions of the splenic surface 
occur, so that it 1s ridiculous to advocate 
splenectomy for all splenic injuries. 

Because the spleen is so vascular, small 
lacerations bleed considerably at first, 
and a good-sized clot forms in the peri- 
toneal cavity. It has been explained that 
it is this clot which, by its disintegration, 
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causes most of the symptoms. Operative 
intervention, in a case in which the spleen 
has stopped bleeding, can hope to accom- 


Fic. 5. A fall upon icy pavement did this to a spleen. 


plish nothing more than the evacuation 
of part of this clot. Certainly splenectomy 
at such a time would be crude and faulty 
surgery. 

With any signs of severe bleeding, the 
abdomen should be opened at once and 
the bleeding controlled. Suture of splenic 
tears or lacerations is impracticable, hence 
splenectomy is definitely indicated by 
continued bleeding. 

Many cases of secondary splenic hemor- 
rhage are reported. We have seen several 
of them. These are due to a return to heavy 
physical work shortly after a supposed 
recovery from an abdominal assault. By 
prolonged rest and gradual assumption 
of labor all such accidents can be averted. 


Case tv. L. D., a45306, female, aged three. 
Admitted nineteen hours after being struck 
by the bumper of a moving automobile. She 
was thrown to the side of the road. She was 
examined in our dispensary, but her parents, 
thinking she was unhurt, took her home 
contrary to our advice. That night she grew 
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severely ill, and was brought back to the 
hospital early the next morning. She vomited 
frequently and had intense abdominal pain. 
She was pale and restless. There was a large 
bruise over her left flank. The abdomen was 
distended, and tender throughout. Rigidity, 
definite fluid wave, and shifting dullness. 
Temperature 101°F., pulse 160 and weak, 
w.B.c. 19,800, 45/55. Diagnosis, rupture of 
spleen. Operation advised. Operation twenty 
hours after injury. Piece of spleen found free 
in abdominal cavity and undergoing decom- 
position. Much free and clotted blood. Splenec- 
tomy. Uneventful convalescence. Complete 
recovery in twenty-eight days. 


Case v. L. W., 813448, female, aged ten. 
Admitted a half-hour after her sled had been 
struck by an automobile. She was unconscious 
for ten minutes, and was brought to the 
hospital in a lethargic state. She complained 
of severe pain and tenderness in her left upper 
abdomen. No definite rigidity or distention. 
She was restless and thirsty. During the night 
she vomited several times. Transfusion the 
next day helped her greatly. The evening of 
the second day brought evidence of beginning 
rigidity. The pain and vomiting continued. 
Fluids given subcutaneously and intravenously. 
Definite rigidity on the third day. w.s.c. 
41,000, 94/6. Her general condition had now 
improved so that operation was _ possible. 
Ethylene anesthesia. Large quantities of free 
and clotted blood were found in her abdominal 
cavity. The spleen was torn completely in 
two. No other visceral injuries. Splenectomy. 
Closure without drainage. Discharged, feeling 
well, in nineteen days. It is interesting to note 
that this girl had blood in her urine, while 
no demonstrable kidney lesion was found at 
operation. 


Case vi. L. A., a51605, male, aged 23. 
Admitted twenty-four hours after having 
slipped on an icy pavement, falling upon a 
milk bottle he was carrying under his left 
arm. The bottle did not break. Arising, he 
noticed dull pain throughout his entire abdo- 
men. He felt nauseated, but did not vomit 
until twenty hours later. He soon had what 
he called gas-pains and felt bloated. He walked 
home and went to bed. An enema gave him no 
relief. He had pain on deep breathing or moving, 
but none on lying still. Thinking that he had 
fractured a rib, he came to the hospital for 
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an x-ray. The x-ray of his chest was negative, 
but he was advised to remain for observation. 
There was no blood in his urine. Examination 
of his chest was negative. He was tender over 
the left upper quadrant and epigastrium. 
No rigidity. No shifting or flank dullness. 
W.B.C. 17,200, 84/16, pulse 92, temperature 
98°r. The day after admission he was perfectly 
comfortable, with a normal pulse and tempera- 
ture. Forty hours after admission he suddenly 
became restless, complained of air-hunger, 
his pulse became rapid and was soon imper- 
ceptible, and he died within an hour. 

Autopsy showed a large amount of recent, 
free blood in the peritoneal cavity and a large, 
stellate fracture of the spleen. Death was due 
to a massive, delayed hemorrhage from the 
torn pedicle. 


ui. Liver, Bite Duct, 
BLADDER DamaGE. In spite of its excel- 
lent anatomic protection, the liver is 
frequently torn by trauma. This liver 
damage may vary from a small subcapsu- 
lar hematoma or slight laceration to com- 
plete rupture, with separation of large 
pieces of the gland. The whole liver has 
been known to be torn from its moorings. 

Severe liver injury is induced by a terrific 
assault upon the abdomen, consequently 
fracture of the liver is so frequently accom- 
panied by other injuries, themselves so 
grave, that the liver injury ts found by 
accident or at autopsy. In such cases 
any operative procedure is out of the 
question because of the poor condition 
of the patient. Falls down elevator shafts 
or from trestles, injuries by rapidly moving 
automobiles or trains, or crushes between 
two freight cars or by a truck pinning a 
man against the side of a building, all 
these are typical causes of a crushed liver. 
In our own cases and in most of those 
reported in the journals, rupture of the 
liver is accompanied by compound frac- 
tures, head injuries, and chest crushes. 

But occasionally there occurs a glancing 
blow, such as that imparted by falling 
lumber, which misses the lower costal 
margin and strikes the free edge of the 
liver, usually the right lobe. Such a blow 
causes a bending of the free edge beyond 
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its limit of elasticity and a laceration of 
the liver substance results. Small liver 
lacerations bleed profusely at first but 
almost always cease in from twelve to 
twenty-four hours. Also, especially if a 
small hepatic duct be torn, bile will escape 
into the peritoneal cavity and a bile peri- 
tonitis develops. 

We do not agree with those who speak of 
all injuries of the liver as “‘rupture of the 
liver,” and advocate early operation for 
its alleviation. Such advice is confusing. 
Upon opening the abdomen of a patient 
with typical symptoms of “liver rupture,”’ 
one is apt to be chagrined to find much 
less liver damage than had been antici- 
pated. Puttering about a small liver lacera- 
tion is bad surgery, for by the time the 
oozing is stopped (if at all), half the free 
edge of the liver is enmeshed in mattress 
sutures and the patient goes back to his 
bed a very shocked man. If a small lacera- 
tion is found, it is better either to leave 
it alone, if it has ceased bleeding, or to 
place a pack against the laceration and 
cease activities. 

Large liver rents must be closed by care- 
ful mattress suturing. Liver suturing is a 
real art, for the tissue is friable and very 
vascular. Small-caliber needles with 1 
tegrally affixed twenty-day chromic sutures 
are the best for this work. 

There is a very important point that 
one should not overlook in reviewing 
statistics concerning liver injury. As has 
been mentioned, it is the bad habit of 
many writers to speak of all liver injuries 
as “‘ruptures.”’ Minor liver injuries fre- 
quently exist, which are only found at 
exploratory laparotomies or at autopsy. 
Some men, especially Levin, Thorlakson, 
Hay, and Dicks, advise laparotomy as 
soon after injury as the diagnosis of 
“visceral injury” is established. It is not 
fair, when abdomens are opened routinely, 
to diagnose small liver lacerations as 
“liver rupture” and attribute the certain 


recovery of the patient to the repair of 
the liver damage. 
The immediate death-rate of severe liver 
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injury, according to Vance, is 33.3 per cent. 


Thirty-eight per cent of patients die within 
six hours. Only 28.6 per cent of his patients 
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lived long enough for clinical observation, 
and of these only 10 per cent were in any 
shape for operation. Thus, any discussion 
of operation upon a severely torn liver 
automatically excludes the 9 out of every 
10 patients, upon whom operation is 
impossible. Hinton is_ ultraconservative 
about severe liver injuries, and has lower 
mortality figures to show for his efforts 
than other, more radical, writers. 

At the Guthrie Clinic we have never had 
a patient with a severe liver injury live 
long enough to get to the operating room. 
Our experience is that he is admitted in 
grave shock from which he never recovers. 
Operating upon such patients would have 
resulted in “autopsies in vivo,” from which 
we shrink. 

Mild jaundice and biliuria appear 
following most liver injuries, even the slight 
ones. Should the jaundice become marked 
or much bile appear in the urine, one should 
become suspicious of damage to the gall 
bladder or the biliary ducts. Bile perito- 
nitis resembles septic peritonitis, but is 
slower and less severe. Damage of the 
biliary system must be corrected as soon 
as the patient can be put into condition to 
withstand an abdominal operation. Such 
an operation should be deliberately 
planned. The patient should not be rushed 
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to the operating room as soon as one is 
convinced of the nature of the injuries. 
Usually this damage is in the form of a 
tear or rupture of the gall bladder. Occa- 
sionally the entire gall bladder is torn from 
all attachments and lies free in the perito- 
neal cavity. 

The usual causes of biliary system injury 
are falls across beams and rumble-seat 
trauma. 


Case vit. L. P., 817501, male, aged eleven. 
Forty-eight hours before his admission, L. P. 
fell 5 ft., while doing stunts in a barn, striking 
his epigastrium against a stall. Considerable 
abdominal pain that day. Next day he began 
to vomit undigested food and then clear fluid. 
He was unable to keep anything in his stomach, 
even water. His mother noticed that he was 
becoming distended. Enemas did no good. He 
was then brought to the hospital. 

Pulse 120, temperature 99°F., respirations 
55, W.B.C. 15,600, 91/9. Abdomen greatly dis- 
tended, especially over the left epigastrium. 
Tenderness extended over the entire abdomen. 
Tympanitic except in the left Jumbar region. 
During the night of his admission he had severe 
pain in the lower right thoracic region which 
radiated to his right shoulder. This was 
typical gall-bladder colic, but was not rec- 
ognized as such. Respirations were painful. 
Mucous membranes were pale, the pulse was 
rapid, and he grew more distended. About 
this time jaundice began to be noticeable over 
his legs and back. Upon the finding of bile in 
his urine, operation was advised. 

Operation ten days after admission, twelve 
days after the accident. A ruptured gall 
bladder was found, hanging by a few shreds 
to an uninjured liver. All other viscera found 
uninjured. An extensive bile peritonitis had 
developed. Cholecystectomy. The wound was 
drained. The boy made a very slow but com- 
plete recovery. 


_ Iv. Pancreatic DamaGe. The pancreas 
is more often injured than is generally 
supposed. This is evident from the number 
of patients with abdominal injuries that 
develop glycosuria at some time during 
their convalescence. The absence of 
the usual symptoms of pancreatitis is 
accounted for by the fact that the pan- 
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creatic damage is limited in most cases to a 
slight contusion of the gland. 

A cross-section of the abdomen at the 
level of the pancreas impresses one with 
the excellent anatomic protection of that 
organ. Certainly trauma from the anterior 
surface of the body would have the most 
likelihood of damage to the pancreas, but 
the interposition of other tissues will dull 
very sharp blows, and by the time the 
force reaches the pancreas most of its 
energy Is spent. 

There are instances of extensive pan- 
creatic damage from rather trivial blows. 
Robson and Cammidge, for example, saw 
a butler who died as a result of a fall 
against the edge of a table. The primary 
damage was slight, but it inaugurated a 
chain of events which was fatal. This 
process will be discussed later. Ordinarily 
it may be confidently expected that 
anterior blows will cause only mild pan- 
creas injury from which the patient will 
rapidly recover. 

Assaults from the flanks or back are 
prone to cause more severe damage, for the 
gland is so well protected in those direc- 
tions that any injury at all presupposes a 
most vicious force which bone, muscle, and 
gland tissue are totally unable to with- 
stand. In such cases marked symptoms of a 
hemorrhagic pancreatitis become manifest 
at once. The following was such a case, 
but more severe injuries completely masked 
the symptoms of a pancreatitis. 


Case vi. H. L., 32066, male, aged eight- 
een. Fell from a railway bridge, upon his 
back, into 2 ft. of water. His legs were para- 
lyzed, but he managed to crawl to the bank 
of the stream, where he lay for eight hours 
in the snow before his cries attracted attention. 
He was admitted in grave shock. A hematoma 
extended from the eleventh dorsal to the fifth 
lumbar spines. X-ray showed crushing of the 
bodies of the twelfth dorsal and first lumbar 
vertebrae. Decompression laminectomy con- 
sidered, but not done because of the condition 
of the patient. Pulse on admission 70. Next 
day it was 120. Urine normal. The day follow- 
ing admission he began to cough up rusty 
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sputum, and complained of much pain in his 
left chest and upper abdomen. When first 
seen, the abdomen was soft and flat, and no 
tenderness was elicited. The next day he began 
to be distended, and had marked abdominal 
tenderness. These symptoms were attributed 
to the lobar pneumonia. He became nauseated, 
vomited large quantities of foul brown material, 
and died fifty-four hours after being brought 
to the hospital. 

Autopsy. The abdomen was much dis- 
tended. The stomach was dilated and the 
intestines ballooned with gas. No fluid or 
blood present in the peritoneal cavity. Kidneys, 
liver, and spleen uninjured. The pancreas 
was ruptured transversely. There was a large 
retroperitoneal hematoma 15 by 6 cm. over- 
lying the rupture, and a large area of fat 
necrosis extending along the spine on the left 
side. Complete separation of the cord at the 
point of vertebral fracture. Left lobar pneu- 
monia. This boy showed no glycosuria in 
several examined specimens. 


The fatal chain of events which may 
follow a slight contusion of the pancreas 
may develop rapidly, it may spread itself 
over a period of days or weeks, or it may 
arrest itself and resolve at an early stage. 
Once the program is well begun, however, 
It is unequivocably progressive. The 
mechanism of this course of events is 
excellently described by Stern. 


Extravasated blood, becoming infected, 
erodes the gland and accumulates until the 
limits of the capsule are reached, which causes 
excruciating pain and shock. With the rupture 
of the capsule there is an immediate flooding 
of the lesser peritoneal cavity and the retro- 
peritoneal space along the posterior abdominal 
wall with highly irritative material. With 
this spilling of digestive ferments there is a 
digestion of surrounding tissues with further 
destruction and hemorrhage. 


Rolleston described an abscess of the 
head of the pancreas, with fat necrosis, 
which was found at autopsy eighty days 
after a blow to the abdomen. The patient 
had been comfortable until a collapse which 
simulated intestinal obstruction, from 
which he rapidly succumbed. 

Painless blood cysts of the pancreas 
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occasionally follow injuries to that organ. 
These owe their formation to secondary 
hemorrhage following a slight contusion. 
These hemorrhages have their origin in the 
substance of the pancreas or its blood 
supply, and are due to erosion by pancreatic 
ferments, especially trypsin. The bleeding 
may occur many days after the accident. 
The cysts form behind the bursa omentalis, 
dissect out into the gastrocolic omentum 
and push back beneath the stomach. 
They communicate always with the pan- 
creas. Unless the cyst ruptures, there is not 
a drop of blood in either peritoneal cavity, 
or is there enough peritoneal irritation to 
give rise to any well marked symptoms. 
A glance at a longitudinal section of the 
abdomen, showing the peritoneal reflec- 
tions of the omentum, will explain this 
process clearly. 

Mikulicz saw a man who, eight days after 
being caught between two wagons, com- 
plained of pain and fullness in the epigas- 
trium, vomited, and had dyspnea. Six 
days later, fourteen days after the accident, 
at operation, two huge cavities containing 
6 qt. of red fluid were opened. These 
cavities were drained. A fistula developed, 
which drained pancreatic fluid during the 
four months that the patient survived the 
operation. At the autopsy a scar 3 mm. in 
diameter was found near the tail of the 
pancreas. This was the small area whence 
the destruction came. 

The symptoms of pancreatic injury 
depend upon the pathology. In the huge 
majority of cases a transient glycosuria is 
the only clue. Since it is extremely rare 
that pancreatic injury exists without other 
visceral damage, the picture is so befogged 
that no clear-cut symptoms of contusion of 
the pancreas can be described. With 
hemorrhage into the gland, or leakage of 
pancreatic enzymes into adjacent tissues, 
no doubt should exist as to what is wrong. 
The symptoms of hemorrhagic pancreatitis, 
Moynihan states, are such that “no other 
catastrophe produces at once such un- 
endurable agony and so profound a 
collapse.” 
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The severity of the pain and the collapse 
is due to the proximity of the pathologic 
process to the solar plexus. The pain, 
present more or less in the epigastrium, is 
more marked in the lumbar portion of the 
back, and is not relieved by the ordinary 
dose of morphine. Pain is present from the 
time of onset until its relief by operation. 
It may be intermittent in type, or at times 
colicky, then diminishing or disappearing 
to return later with increased fury. Sudden 
relief of pain is a danger signal, for it 
means release of capsular tension. 

The pain in the back may be mistaken 
for a kidney injury. 

Vomiting does not occur unless there is 
peritoneal irritation; it is then persistent 
in spite of gastric lavage and restriction of 
fluids by mouth. Nausea, retching, and 
hiccough some days after an abdominal 
injury should make one stop, look, and 
listen. 

A patient with pancreatitis is always 
motionless. He is afraid to move. He does 
not toss about, fold his arms across his 
abdomen, press against the back of a chair, 
and, finding no relief, walk about in agony 
as does the patient with gallstone colic. He 
is distended. Usually there is little of the 
rigidity or tenderness expected with such 
severe symptoms. The abdomen is practi- 
cally never board-like; nor does the 
patient draw up his knees and lie upon 
his side as does the man with a perforated 
ulcer. 

At the present time there are no reliable, 
uniform tests for determining abnormal 
pancreatic function. We must depend upon 
our senses for a diagnosis. 

Treatment of the damaged pancreas 
depends entirely upon the underlying 
pathology and the condition of the patient. 
To state rules would be silly. In 9500 
autopsies at the Pathological Institute of 
Leipsig, in seven and a half years, there was 
only one grossly visible rupture of the 
pancreas. Although Stern has found over 
100 reported cases of rupture of the 
pancreas, only 28 existed without asso- 
ciated injuries of other viscera. Serious 
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damage to the pancreas, then, is a very 
rare occurrence. 

Upon any evidence of a hemorrhagic 
pancreatitis, which evidence should be 
easily discernible, one should go bravely in 
through a right rectus incision, open the 
gastrocolic omentum in a bloodless area, 
and enter the omental bursa. There, 
beneath the parietal peritoneum, one can 
see anything that is amiss. Any septic 
material should be evacuated and drainage 
established. Attempts to do more will 
usually be fruitless. Severe bleeding may 
be checked by deep sutures of large gut, 
but tamponage is just as effective and much 
safer. A pancreatic fistula will probably 
result. These sinuses drain for prolonged 
periods in spite of anything one can do, 
after which most of them gradually obliter- 
ate themselves. 

With any less evidence than that of a 
hemorrhagic pancreatitis, or the presence 
of a cyst which should be exposed and 
drained, the patient is best treated by 
prolonged rest in bed, careful high-fat 
diet, and sedatives. He should be kept from 
heavy work for two months or more, and 
his urine and blood watched closely for 
sugar. 

The disturbance of sugar metabolism 
that follows pancreatic injury is an inter- 
esting one. Most patients with pancreatic 
damage have a glycosuria at some time 
during their convalescence. Stern’s case, a 
woman, had as much as 308 mg. of glucose 
per 100 c.c. of blood and 4 per cent glucose 
by volume in her urine. Umber, after 
carefully reviewing the subject, denies that 
pancreatic trauma has any bearing upon 
the etiology of true diabetes mellitus. At 
any rate, the sugar gradually disappears 
from the urine of the majority of the 
injured and does not recur. One should be 
sure that the patient did not have a low 
grade diabetes prior to his accident. 

v. RupTuRE OF THE Stomacu. The 
empty, healthy stomach cannot be materi- 
ally damaged by blunt trauma. When it is 
distended, a blow will result in the applica- 
tion of hydraulic pressure to all portions 
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of the stomach wall. This force is directly 
proportionate to the energy of the blow, and 
is exerted in equal force in all directions. 
With the energy resultant from the average 
automobile collision, rupture of the dis- 
tended stomach may take place, should 
the abdomen of the driver be prodded by 
the steering wheel, or should one of the 
riders be thrown against the forward edge 
of the rumble-seat compartment. 

Frankel determined by experiments upon 
the stomachs of dogs, children, and adults, 
that the stomach is more elastic crosswise 
than lengthwise, and that the greater 
curvature is more elastic than the lesser. 
The least elastic portion of the stomach is 
near the pylorus. All objects break in their 
lines of least elasticity; hence most ruptures 
of the stomach occur near the pylorus on 
the lesser curvature, and the break is 
usually in the longitudinal axis of the 
organ. 

Several factors are responsible for the 
infrequency of this catastrophe. First, the 
stomach is distended with food only a small 
part of the day. Second, most accidents 
occur in the rush hours of traffic which 
precede the evening meal. Third, the 
pedestrian, the most frequently injured, 
very rarely receives a blow to the epigas- 
trium. When struck, he is usually hurrying 
home, with an empty stomach, for dinner. 

Kicks by animals are especially prone to 
cause stomach rupture, for accidents of 
this nature usually happen shortly after 
the patient has eaten breakfast and is 
harnessing the animal for a day’s work, 
or while working about stalls after the 
evening meal. 

When the stomach bursts, gastric con- 
tents are squirted throughout the peri- 
toneal cavity. A generalized peritonitis of 
both septic and chemical nature exists 
from the moment of injury. There is little 
doubt as to what is wrong, for the patient 
is in severe shock, the abdomen is rigid, 
tender, and soon enormously distended. 
Absence of liver dullness cannot be de- 
pended upon, for this phenomenon is 
elicited but occasionally. 
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A massive hemorrhage from the liver, 
spleen, or kidney, will often give much the 
same picture as a fulminating chemical 
peritonitis. With severe bleeding there is 
distinct air hunger and cyanosis, but, 
because immediate laparotomy is indicated 
for either hemorrhage or peritonitis, a 
definite diagnosis in such cases need not be 
made preoperatively. 

There should be no question as to what 
to do for a ruptured stomach. The sooner 
the rent is closed, the better is the prognosis, 
but at best the outlook is a gloomy one. 
Here is one of the few conditions in surgery 
where operation must be performed regard- 
less of the patient’s condition. Without 
operative repair, the patient cannot pos- 
sibly survive. 


Case 1x. M. C., B16894, male, aged 
thirteen. Admitted nine hours after having 
been kicked in the abdomen by a horse. This 
occurred shortly after the boy’s supper. He 
was dazed, but walked to the house. Soon 
after, he had severe abdominal pain, and 
vomited twice in the nine hours which preceded 
his admission. There was no blood in the 
vomitus. (Only in very rare cases does a patient 
with a ruptured stomach vomit blood.) 

On his way to the hospital he grew very 
thirsty, and drank voluminous quantities of 
water. He walked into the hospital. The 
abdomen was rigid and very tender throughout. 
He was definitely distended. Pulse 120, w.B.c. 
9200, 63/35, temperature 96°F. The urine 
showed a trace of sugar (pancreas damage). 
Operation was delayed because of his condition. 
In four hours he went into complete collapse, 
and died two hours later. 

Post-mortem examination showed a tear 5 
cm. in length near the pylorus, gross diffusion 
of undigested food throughout the peritoneal 
cavity, and a diffuse purulent peritonitis. 
Also there was extravasated blood about the 
head of the pancreas. 


This boy was mortally wounded, and 
there is little doubt that he could not have 
survived an operation by more than a few 
hours, yet all who saw him felt that an 
operation might have given him an extra 
chance. 


vi. INTESTINAL DAMAGE. Direct trau- 
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ma may injure the intestine in two ways. 
First, the force may tear open the bowel. 
Second, the mesentery may be torn from 


Fic. 7. Hydraulic rupture of duodenum. 


the bowel. In the first case peritonitis 
results; in the second case hemorrhage 
results. If loops of the bowel are caught 
and ground against the vertebrae or bony 
pelvis, severe destruction can occur with- 
out any marked signs on the exterior 
of the abdomen. 

The duodenum is less seldom injured 
than the jejunum or ileum. When it is 
damaged, the injury consists practically 
always of a transverse tear near the 
pylorus. The most likely explanation of 
this is an explosive thrust of gastric 
contents into the curve of the duodenum. 
The jejunum is most frequently torn near 
the duodenojejunal flexure. Only rarely 
is it or the ileum ruptured by hydraulic 
force. These structures are usually torn 
open by sudden forceful torsion. 

Perforation of the colon due to non- 
penetrating trauma is so extremely rare 
that it is not listed in the “Index Medicus.” 
The colon, so used to insults, escapes 
unscathed from the most vicious abdominal 
bruises. 

The intestine, when torn, may spill but a 
few drops of its contents during the first 
few hours after the injury. This is because 
the circular muscle fibers, by their con- 
traction, and the torn mucosa, by its 
extrusion, will temporarily close the breach. 
For this reason, even if the intestine should 
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be torn, one should not expect the typical 
set of symptoms he is accustomed to see 
with a perforated ulcer. The ruptured- 
ulcer patient is prostrated at once. Men 
have been known to walk about for several 
hours without any great distress when the 
jejunum or ileum had been badly torn. 
Later, there is no mistaking the diagnosis. 

Minor injuries such as contusions or 
hematomas of the intestinal wall or tears 
of the mesentery occur more frequently 
than major injuries (perforations). These 
minor injuries give quite the same symp- 
toms as the major ones at an early stage. 
Very rarely indeed is the diagnosis of 
rupture of the small intestine made pre- 
operatively, except there be a definite 
accompanying peritonitis. 

Delayed rupture of the small intestine is 
by no means a surgical curiosity, for it 
occurs just often enough to make one 
respect it. It follows a contusion of the 
intestinal wall by several weeks or a month. 
The process involved is the disintegration 
of a subserous hematoma; the huge major- 
ity of hematomas heal kindly with no 
such disastrous sequela. The fact that a 
traumatized area may become avascular, 
gangrenous, and break down, either with or 
without infection, at a prolonged period 
after the injury, should ever be kept in 
mind. 

With definite evidence of a peritonitis, 
operation should be delayed not a minute. 
In traumatic rupture of the stomach or 
intestine we do not feel that repair of the 
damage is sufficient. Usually there has been 
leakage of large quantities of debris into the 
peritoneal cavity, and we always feel 
happier if we establish free drainage. 
If there is much distention of the intestinal 
coils, we do a jejunostomy. All this is done 
with as little handling of the viscera as 
possible. 

It is well to make the incision through 
the center of the contused area, so that the 
damaged viscus will be near at hand. 
Also, make the incision long enough so that 
the field can be visualized without too 
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much manipulation, for overzealous han- 
dling ts fatal here. 
If the rent be a small one, and the edges 


Fic. 8. Full hit. Adult. 


clean, simple suture with intestinal catgut 
or linen will suffice. If the tear be quite 
long and there is a possibility of constric- 
tion of the lumen resulting from its simple 
closure, try closing it in the manner of 
Mikulicz’s pyloroplasty, that is, in the 
opposite axis to the tear. If the edges of the 
rent are macerated or eroded, it is better to 
resect the damaged gut than to attempt a 
repair which might break down. End-to- 
end anastomosis is preferred. 


Case x. R. W., B21773, male, aged fifty- 
seven. Admitted twenty hours after his injury. 
He and another man were pulling upon a 
branch of a tree that was frozen into the ground. 
The branch broke and struck the patient in 
the left abdomen with sufficient force to knock 
him down. He got up without assistance and 
walked a quarter of a mile to his home. On 
his way there he had cramp-like pains in his 
abdomen. He vomited twice. A physician saw 
him six hours after the injury, gave him some 
morphine, and departed. The next day the 
pain and vomiting were worse, and he was 
brought in to the hospital. Upon his arrival 
his pulse was 106, temperature :01°F., and 
his white cell count was 17,600, 92/8. He was 
much distended, exquisitely tender over the 
entire abdomen, and the abdominal wall was 
very rigid. Upon operation four hours after 
his admission and twenty-four hours after 
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the accident, a large tear was found in the 
mesenteric edge of the ileum. Eight inches of 
the ileum were resected. 


Fic. g. Sideswipe. Child. 


Fics. 8 and 9. Kidney trauma of automobile accident. 


The man made an uneventful recovery and 
was discharged a month later. 


vir. KipNeEy DamaGe. The kidney lies 
embedded in a pad of fat in the laterodorsal 
abdominal wall. It is quite well protected 
from violence from behind, and to a certain 
extent from directly in front, but it is 
easily injured by a blow to the flank. 

That a certain amount of shock occurs 
following kidney concussion without defi- 
nite gland injury, is amply demonstrated 
by the effect of “‘kidney punches” in the 
prize ring. Jostling of the renal sympathetic 
plexus is responsible. Consider also the 
excruciating pain of a Dietl’s crisis and the 
prostration brought about by distention 
of the renal pelvis or the passage of a stone. 
Kidney injuries are very painful things. 
Severe pain does not mean severe damage. 

By far the most frequent result of a blow 
to the kidney is a subcapsular hematoma. 
Such a hematoma results from the bursting 
of one or several of the small subcapsular 
vessels, and the cortex need not be damaged 
at all. Since the ureter acts as a safety-vent, 
rupture of the kidney by hydraulic force 
cannot occur in a healthy individual. 
Fragmentation of the gland can, and does 
occur following severe crushes; the cracks 
usually do not extend through to the pelvis, 
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and only in very rare cases is there actual 
separation of kidney tissue. The most 
severe injury possible is a tear of the renal 


Fic. 10. Fracture of kidney. 


vessels due to the whipping action of the 
force and the recoil of the elastic tissues. 
In such a case, a massive hemorrhage 
results, and yet the kidney itself is struc- 
turally intact. Why some men speak of 
such a variety of injuries as “rupture of the 
kidney” is a puzzle. 

Kidney damage due to trauma is ordina- 
rily quite easy to diagnose. The shock and 
attendant pain have already been spoken 
of. Frank hematuria is an almost constant 
finding, the amount of blood in the urine 
depending upon the location and severity of 
the kidney damage. An injury to the renal 
pelvis, or the calices, will bring down large 
quantities of bright blood. It has been 
proved that simple concussion of the 
kidney, without any gross damage, is 
sufficient to provoke a definite hematuria. 

Flank trauma, plus hematuria, is not 
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unequivocal evidence of gross kidney 
injury necessitating operative repair. Such 
opinions are unfortunately current in 
medical journals. Case v, page 407, is an 
example of hematuria without gross kidney 
damage. Complete avascularization of the 
kidney, due to a torn pedicle, may occur 
without any bleeding into the ureter. Too 
much weight should not be placed upon the 
presence or absence of hematuria following 
trauma. 

Tears of the renal vein are more frequent 
than breakage of the renal artery. The 
walls of all large veins are easily torn. 
Pressure in the renal vein is quite low. 
Since the bleeding from this vein is into 
confined spaces, it is soon controlled by 
the pressure of its hematoma. The renal 
artery, unless it be rendered brittle by 
arteriosclerosis, is very seldom torn open. 
The pressure in the renal artery is sufficient 
to dissect into the tissues, and a fatal 
massive hemorrhage usually results. 

Bleeding from kidney injuries is always 
retroperitoneal, yet men are occasionally 
seen percussing the abdomen for shifting 
dullness, suspecting “kidney rupture,” 
and fully expecting to find signs of fluid 
in the abdominal cavity. 

The extent to which a damaged kidney 
will repair itself is amazing. The sub- 
capsular hematoma which causes so much 
pain and distress disappears in from four to 
six days with all its symptoms including 
the hematuria. Contusions and fractures of 
the kidney substance heal in from ten to 
twenty days with remarkably little diminu- 
tion of kidney function. 

Those who see the greatest number of 
traumatized kidneys, and the urologists 
to whose lot the eventual treatment of 
these patients fall, are the loudest criers 
against radical kidney surgery. The dam- 
aged kidney may have to be removed later, 
but nephrectomy should only be done when 
the patient is in good physical condition 
and after the surgeon has assured himself 
that the opposite kidney will bear the 
extra work to be thrown upon it. Most 
traumatized kidneys heal without surgical 
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intervention. Pyelography and cystoscopy 
are best reserved until the patient has been 
hospitalized for several weeks. Then, if 
indications point to it, treatment (irriga- 
tions, etc.), may be begun. 

The best guide in the care of a patient 
with a damaged kidney is the quality and 
rate of the pulse and the trend of his 
blood pressure. As long as these continue 
in the right direction, one had better be 
satisfied with rest, care, and opiates. If, 
however, changes in the pulse and blood 
pressure indicate continued bleeding, oper- 
ation is definitely indicated. 

Because of the uncertainty of what one 
might encounter, complete anesthesia is 
preferable to regional blocking. Having 
the patient in the proper position on the 
table is a great help. The incision should be 
long enough so that one can see what he 
is about. As much of the kidney as possible 
should be saved. Leaving one-tenth of a 
kidney is giving the man that much extra 
cortex, which might later be the deciding 
factor in a crisis. Barney says that he has 
seen kidneys, which he at first thought 
should have been removed, function per- 
fectly when examined at a later date. 
After having accomplished what is in- 
tended, one should not fall into a philosoph- 
ical frame of mind and begin to “fix 
things.” 

Nephrectomy should be reserved for 
those cases in which the renal vein or 
artery is torn, and then only if the bleeding 
vessels can be securely clamped and tied. 
Faced with a badly shocked patient and 
voluminous bleeding from a_ retracted 
vessel, one should not attempt to remove 
the kidney, but tampon the wound with 
gauze and get the patient back to bed. 

Operating upon a patient who is pro- 
gressing nicely, with an intention of 


‘repairing the damage,” is courting 


disaster. Opening the confined quarters and 
shelling out a clot which is undergoing 
organization, has on many occasions been 
the signal for a fatal hemorrhage. Such a 
case follows. 
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Case x1. X., male, twenty, seen in another 
city. This boy was riding in the rumble-seat 
of a car which was sideswiped by another 
machine. The collision was not a severe one 
and no one appeared hurt. After the usual 
taking of license numbers and names both 
machines departed in their separate directions. 

The patient had noticed that he had gotten 
quite a hard jolt in the right lumbar region 
from the arm-rest of the rumble-seat, but had 
no severe pain. Several hours later he became 
nauseated, vomited, complained of sharp pain 
in his right side, and fainted. He was taken to 
a nearby hospital. 

Urinalysis showed bright red blood and 
clots. twenty hours after his admission he had 
become comfortable, his pulse had come down 
to normal, and he was in quite fair physical 
condition. Diagnosis easily made of lacerated 
kidney. 

Operation done at once proved the correct- 
ness of the diagnosis. The kidney was torn 
completely in two. The torn renal vessels 
were not found, for the patient bled to death 
on the table and the operation was not com- 
pleted. Much clotted blood in the wound 
showed that the kidney had ceased bleeding 
spontaneously prior to operation. 


A typical example of a lacerated kidney 
which healed spontaneously with physio- 
logical rest and no operative interference 
follows. 


CasE xu. N. C., B1g294, male, aged 
twenty. While playing football, this boy was 
kicked in the right lumbar region. He had 
considerable pain in the right flank which 
radiated down towards the penis. He felt so 
sick that he left the game. Next day he passed 
small blood clots and bright red blood in his 
urine. He was admitted two days after his 
injury. Marked rigidity over the entire abdo- 
men. Slight tenderness over the left, marked 
tenderness over the right upper abdomen. 
Increased dullness in upper right quadrant. He 
did not vomit. Temperature 100°F., pulse 100, 
W.B.C. 15,200, 82/8. Albumin, pus, and blood in 
urine for two weeks with occasional days when 
he passed normal urine. Diagnosis apparent, 
lacerated kidney. Treated expectantly. Ice to 
abdomen, opiates, rest. In eight days he was 
symptom free. Two weeks after admission he 
felt well, urine was normal, and he was about 
in a wheel chair. Discharged twenty-one days 
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after the accident with clear urine and no 
symptoms of impaired renal function. One 
month later he was seen again. He experienced 
no return of the discomfort or pain. No tender- 
ness over kidney elicited by deep palpation. 
Urine as follows: 

1008, acid, no albumin, no sugar, no blood 
or pus cells. 


ConcLusions. We can summar- 
rize Our experience with non-penetrating 
wounds of the abdomen as follows: 


1. Conservatism has proved to be the best 
policy. If one is to err in his handling of an 
intra-abdominal injury, it is safer in a group of 
cases to err on the side of doing too little. 

2. No one can be dogmatic concerning the 
treatment of these injuries. Each case presents 
a different problem, and should be dealt with 
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accordingly. Some patients should be operated 
upon immediately; others should never be 
subjected to operation. 

3. Differential diagnosis is difficult and often 
impossible. A clear conception of the modus 
operandi of the injury and the force involved 
will make the diagnosis much easier. 

4. At the Guthrie Clinic and the Robert 
Packer Hospital we operate only upon those 
patients showing evidence of uncontrolled 
hemorrhage or peritonitis. 

5. Any trauma involving the abdomen calls 
for critical study, and bears careful watching 
for a prolonged period of time. 

6. Automobile 
made to realize the dangers of the present 
rumble-seat. Attempts should be made to so 
design the rear compartment that this danger is 
minimized. 


manufacturers should be 


TABLES 


The Forces of Moving Bodies 


TABLE I 


TABLE OF VELOCITIES IN FEET PER SECOND 


Miles per Feet per 
Hour Second 
5 7-33 
10 14.66 
20 29.33 
30 44.00 
40 58.66 
50 73-33 
60 88.00 
70 102.66 
80 117.33 
go 132.00 
100 146.66 
110 161.33 
120 176.00 
130 190.66 
140 205 .33 
150 220.00 
160 234.66 
170 249.33 
180 264.00 
190 278.66 
200 293.33 
210 308.00 
220 322.66 
230 337 - 33 
240 352.00 
250 366.66 
260 381.33 
270 396.00 
280 410.66 
290 425.33 
300 440.00 


TABLE II 


GRAVITY FORMULAS 
Velocity of a falling body in feet per second, 
32.16 X seconds. 
Distance of fall during any second, 
16.08 X one less than twice the second. 
Total distance of fall in any given time, 
16.08 * square of seconds. 
Changing feet per second to miles per hour, 
ft. per second 
MPH: 
1.465 


TABLE Il 


VELOCITY OF FALLING BODIES 
(Air resistance discounted. Figures approximate only.) 
End of 1st second body falls 32.16 feet per second, or 
22 miles per hour. 
End of 2nd second body falls 64.32 feet per second, or 
44 miles per hour. 
End of 3rd second body falls 96.48 feet per second, or 
66 miles per hour. 
End of 4th second body falls 128.64 feet per second, or 
88 miles per hour. 
End of 5th second body falls 160.80 feet per second, or 
110 miles per hour. 
End of 6th second body falls 192.96 feet per second, or 
132 miles per hour. 
End of 7th second body falls 225.12 feet per second, or 
154 miles per hour. 
End of 8th second body falls 257.28 feet per second, or 
176 miles per hour. 
End of oth second body falls 289.44 feet per second, or 
198 miles per hour. 
End of 10th second body falls 321.60 feet per second, or 
220 miles per hour. 
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TABLE IV 
DISTANCE OF FALL PER SECOND OF FREELY FALLING 
BODIES 


ist second, body falls 16.08 feet. 

2nd second, body falls 48.24 feet, and has fallen 64.32 
Bc body falls 80.40 feet, and has fallen 144.72 
ait body falls 112.56 feet, and has fallen 257.28 
Dlr body falls 144.72 feet, and has fallen 402.00 
ies body falls 176.88 feet, and has fallen 578.88 
FP oc body falls 209.04 feet, and has fallen 787.92 
Pt body falls 241.20 feet, and has fallen 1029.12 
Pa body falls 273.36 feet, and has fallen 1302.48 
loth scond body falls 305.52 feet, and has fallen 1608.00 

eet. 


In ten seconds, 1608.00 feet. 
TABLE 
FORCE OF IMPACT (FORCE OF TRAUMA) 
Estimation of force. The force of impact will depend 
upon: 
1. The point of application. 
The area upon which the force is exerted. 

2. The direction of the blow. 

The line along which the force tends to move the 
point of application. 

3. The magnitude of the force. 

A value compared to a standard. The relative 
rate at which the force would produce motion 
were the point of application freely movable. 
TABLE VI 
TABLE OF EQUIVALENT VALUES 

To gain some practical idea of the amount of force 
to which the abdominal wall is subjected in a collision 
or a fall, compare the force of impact with that pro- 
duced by the fall of a 200 Ib. sandbag upon an abdomen 
from various heights. 

Such equivalent values are of course crude, but they 
have been arrived at by careful mathematical compu- 
tation. The figures are given in round numbers for 
simplicity. 

Example One 

A girl weighing 125 lb. is driving a Packard roadster 
at 40 miles per hour. The car swerves and hits a con- 
crete culvert. She is thrown against the steering wheel. 

In this case the weight of the car can be entirely 
discounted, for the force of impact of the girl’s abdomen 
against the steering wheel would be equal to the impact 
of an object weighing 125 lb., moving through space 
at 40 miles per hour, against a stationary body. 
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In the example given, the force of impact to the 
girl’s abdomen would be equivalent to that produced 
by the fall of a 200 Ib. sandbag from the height of 
42 feet. 

Example Two 

A boy of 160 Ib. is riding in the rumble-seat of a 
Ford roadster. The car is moving at 45 miles per hour. 
The car is crowded off the road and hits a large tree. 
The boy is thrown against the front partition of the 
rear compartment. 

This accident is of the same type as that of example 
one, in that the force of the impact is that of a body of 
160 Ib. moving through space at 45 miles per hour. 
In spite of the fact that he is riding in a much lighter 
car than the girl in example one, he receives a much 
harder blow. This boy received a blow to his upper 
abdomen equal in force to the impact of a 200 Ib. 
sandbag dropped from the height of 52.5 feet. 


Example Three 

A boy of 60 Ib. was playing circus in a barn. He fell 
from the trapeze for a distance of 15 feet and struck his 
abdomen against an oat-bin. 

He received a blow equivalent to the impact of a 
200 |b. sandbag dropped upon his abdomen from a 
height of 4.45 feet. This was sufficient to rupture his 
gall bladder. 


Example Four 

A man weighing 150 Ib. slipped upon an icy pavement 
and fell 3 feet upon a milk bottle he was carrying under 
his arm, the bottle striking him in the left flank. 

He received a blow equivalent to the impact of a 
200 Ib. sandbag dropped upon him from a height of 
2.6 feet. This was sufficient to crush his spleen, as was 
evidenced at autopsy. 


TABLE VII 
FORMULAS USED FOR DETERMINATION OF EQUIVALENT 
FORCES 
All forces are compared to the fall of a 200 Ib. sandbag. 
1. Determination of the force of the collision. 
Mass X Velocity? 
Force: 


2 
2. Velocity in MPH of sandbag’s fall to equal this force. 


Force 
Velocity?: 


(Use miles per hour.) 


3. Reduction of miles per bour to feet per second. 
I MPH:1.465 FPS 
FPS:1.465 X MPH 
4. Time required by sandbag’s unimpeded fall to reach 
this velocity. 
_Velocity 
32.16 


5. Distance fall of sandbag to equal force of collision. 
Distance: 16.08 X Time*. 


Time 
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ROENTGENOGRAPHIC MEASUREMENT OF PELVIC AND 
CEPHALIC DIAMETERS* 


Jutius JARCHO, M.D., 


F.A.C.S. 


NEW YORK 


HE presentation of an accurate 

method of pelvimetry needs no justi- 

fication. The many methods that have 
been proposed in the past and that con- 
tinue to appear in the literature bear wit- 
ness to the fact that most of the maneuvers 
of physical examination practiced in esti- 
mating the size of the pelvic inlet are 
inexact and unreliable, as proved by 
roentgenological study. 

The one of most value today was 
described by William Smellie nearly two 
hundred years ago, the method of deter- 
mining the diagonal conjugate diameter. 
Those who have used roentgenography 
agree that it is far more accurate than any 
of the procedures heretofore employed. 

But even the diagonal conjugate is 
uncertain, because in women with a high 
and thick symphysis pubis the sacral 
promontory sometimes cannot be reached. 
Moreover, in many nulliparous women, the 
rigidity and sensitiveness of the soft parts 
are such as to require an anesthetic for 
proper examination. When it comes to 
estimating the true conjugate from the 
diagonal according to the estimated height 
and thickness of the symphysis, a decided 
element of inaccuracy may be introduced. 

For these reasons I believe that a roent- 
genogram should be obtained in every case 
of pregnancy in a primipara where there is 
suspicion of a disproportion in the pelvis 
and also in multiparae with histories of 
previous difficult deliveries. 

In various articles I' have pointed out 
the importance of roentgenology in gyne- 
cological diagnosis. And in the June, 1931, 
number of THE AMERICAN JOURNAL OF 
SuRGERY I attempted to show the service 
that roentgenographical diagnosis can ren- 
der in obstetrics, in diagnosing pregnancy 


in obscure cases and determining presenta- 
tion, position, multiple pregnancies, and 
monstrosities. 

In the present article, I propose to 
deal with measurements of the pelvis 
and fetal head as a means of determin- 
ing the relative size of passage and pas- 
enger. In other words, I wish to discuss 
and make clearer roentgenographical pelvi- 
metry and cephalometry. 

To the general practitioner or physician 
who does an occasional delivery, a roent- 
genographical examination in the later 
months of prenagnacy would very often 
furnish an excellent guide as to the right 
course. It would inform him as to whether 
the case is within his experience, whether 
it should be a home delivery, or whether it is 
to be a hospital case. It is true that in labor 
other factors besides the relative size of 
pelvis and fetus should be taken into 
consideration, such as, for example, the 
strength of the musculature of the uterus 
and abdominal wall and the distensibility 
of the cervix. Still, one may get a reasonable 
idea from a knowledge of the relative size 
of the fetal and pelvic diameters as to what 
influence they will bear upon the other 
factors in the case. 

The experience of many reliable ob- 
servers here and abroad indicates that the 
very brief exposures required for roent- 
genography for diagnostic purposes are 
entirely harmless even in the last months of 
pregnancy. The information given by 
such roentgenographical films is invalu- 
able in prenatal care and I believe that one 
can ill afford to omit such an important 
diagnostic aid. 

Without going into the literature of the 
earlier roentgenographic methods for esti- 
mating the pelvic measurements, it may 
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be said that their failure was due to a 
distortion in size and shape of the pelvic 
shadows owing to unsatisfactory technique 
as regards the position of the patient, the 
mode of directing the ray, and the lack of a 
measuring scale that corresponded accu- 
rately to the degree of distortion of the 
pelvic image. 

With improved methods these obstacles 
have been overcome, so that roentgenolog- 
ical pelvimetry now offers a practical and 
exceedingly exact means of determining the 
pelvic diameters. 


SUPERIOR STRAIT MENSURATION 


Pelvic mensuration has been employed 
and described by Thoms? for a number of 
years. His was the pioneer work. The 
measurements obtained by this method 
have been carefully checked up and have 
been shown to be accurate and reliable. 

In my own work, I have followed Thoms’ 
technique in principle. However, I have 
modified the procedure in some details, 
because in my experience the method as I 
have employed it enables one to obtain 
roentgenograms of unusual clarity and to 
determine the pelvic diameters with con- 
siderable ease. 

This technique will be described sub- 
sequently in the present article. 

Brief mention should be made of various 
modifications of Thoms’ method. The 
most important is that suggested by 
Roberts,* who employs a different method 
of calculation. Thoms uses a series of 
notched lead plates, while Roberts arrives 
at his results by simple proportion: 

Anteroposterior diameter on film:true 
conjugate::tube distance from film:tube 
distance from pelvic inlet. 

For example, if the diameter on the 
film measures 12.5 cm., the target-film 
distance is go cm., and the pelvic plane lies 
18 cm. above the sensitive film, then the 
proportion is expressed as follows: 


12.5: X ::90:72 
gox = goo 
x = 10 
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Ten centimeters represent the true 
conjugate diameter with these factors. 

More recently (April, 1931), Hypher* 
has described another application of 
Roberts’ procedure as follows: The patient 
sits on a Potter-Bucky diaphragm with 
her legs dangling over the edge, and with 
her back inclined at such an angle that 
the plane of the true pelvic brim is parallel 
to the film. The tube is centered over the 
estimated midpoint between the promon- 
tory of the sacrum and the symphysis 
pubis. The perpendicular distances be- 
tween the focus of the tube and the film, 
and the spine of the fifth lumbar vertebra 
and the film, are measured. The required 
internal diameters are measured on the 
roentgenogram and multiplied by the 
fraction: 


(Tube distance from film) — (Distance of fifth lumbar spine) 
(Tube distance from film) 


The result gives the actual diameter 
with a possible error not exceeding 3 mm. 

Other workers who have made impor- 
tant contributions to the literature on 
measurement of the female pelvis by means 
of roentgenography include Heublein,° 
Grier,® Martius,’ Guthmann,' Schaeffer and 
Witte,’ Collisi,° Granzow,!! von Schu- 
bert,!* Bickenbach,'* and Reinberger and 
Schreier.'* An ingenious instrument for 
determining the pelvic measurements, re- 
cently devised by J. B. Jacobs,’* may prove 
of value though it does not involve the use 
of x-rays. This instrument, called the 
inclinometer, consists essentially of a 
modified pair of calipers with a weighted 
pendulum attached to the anterior surface. 
With it one may measure and secure a 
graphic picture of the female pelvis. 


AUTHOR’S PROCEDURE FOR ROENTGEN 
PELVIMETRY 


As previously stated, I have patterned 
my procedure after Thoms’ pioneer 
method, introducing however, certain modi- 
fications which in my experience are 
conducive to clear films and_ simple 
calculation. 

To insure proper position of the patient 
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on the table, two external landmarks must 
be identified: namely, (1) the upper and 
anterior border of the symphysis pubis and 


Fic. 1. Apparatus for roentgen pelvimetry after Thoms’ 
method, showing supporting frame and adjustable 
measuring scale. (Am. J. Roentgenol.) 


(2) the interspace between the fourth and 
fifth lumbar vertebrae. An imaginary line 
between these points traverses the antero- 
posterior diameter of the inlet. 

A small circular adhesive tab is used to 
mark the space between the fourth and 
fifth lumbar vertebrae. This is shown 
in Figure 2, which also outlines Michaélis’ 
rhomboid, a diamond-shaped depression 
noted in well-formed women. Michaélis’ 
rhomboid is conspicuous in the Capitoline 
Venus and other beautiful statues of female 
figures. It is formed by the dimples over- 
lying the posterior superior spines of the 
ilia, the lines formed by the gluteal 
muscles, and the groove at the end of the 
spine. 

The upper angle of Michaélis’ rhomboid 
corresponds to the spinous process of the 
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fifth lumbar vertebra, immediately above 


which the adhesive tab should be placed. 
Thoms places the patient on the table 


ve 


Fic. 2. Anteroposterior diameter of pelvic inlet is 
determined by imaginary line extending from upper 
and anterior border of symphysis pubis to interspace 
between fourth and fifth lumbar vertebrae. A small 
adhesive tab is placed in latter location for identifi- 
cation. This can be located in well-formed women 
immediately above apex of Michaélis’ rhomboid. 
Insert shows relation of this tab to bony structures. 


in a semi-recumbent position. I prefer a 
sitting position with a back-rest supporting 
the head and back, and the lower portion 
of the back arched so as to bring the imagi- 
nary line between the anterior superior 
border of the symphysis pubis and the 
identifying adhesive tab on the _ back, 
i.e., the diameter of the pelvic inlet, on a 
horizontal plane. This makes the plane of 
the pelvic inlet parallel with the sensitive 
film, which is incorporated with the Potter- 
Bucky diaphragm into the top of the table. 
By bracing her feet against the foot-rest 
and her hands against the table, the patient 
is enabled to maintain the required position 
with considerable comfort. This is shown in 
Figure 3. The thighs are parallel to the top 


- 
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of the table and the sensitive film, while the 

legs are allowed to hang over the edge. 
With a pair of calipers the distance 


Fic. 3. Position of patient on table for roentgen pelvi- 
metry. Lower spine is arched so as to bring antero- 
posterior diameter of pelvic inlet, measured from 
anterior superior border of symphysis to identifying 
adhesive tab on back, on horizontal plane, that is 
parallel with sensitive film in Potter-Bucky dia- 
phragm. Calipers measure distance from adhesive 
tab to sensitive film, and plumb-bob locates distance 
of symphysis pubis. Insert is a sagittal section 
showing relation of various parts to anteroposterior 
diameter of inlet. 


from the identifying adhesive tab to the 
sensitive film is measured, placing a marker 
on the table overlying the film. As a rule, 
the distance from the adhesive tab to the 
top of the table is 10 to 13 cm.; from the 
top of the table to the film, 5 cm. Hence 
the distance from tab to film varies from 
15 to 18 cm. 

A plumb-bob suspended from a support 
near the tube touches the symphysis 
pubis and thus locates the distance of 
the anterior limit of the plane of the pelvic 
inlet from the film. The tube is placed so 
that the central rays are go cm. from the 
target to the film and also about 5 cm. 
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behind the symphysis. In this position the 


rays pass through the center of the inlet. 
I have found that clearer films may be 


Fic. 4. Measuring degree of abdominal distention as 
factor in determining duration of exposure. Measure- 
ment is made at level of umbilicus. Obese patients 
with polyhydramnios require longer period of 
exposure. 


obtained by considering the amount of 
liquor amniu and the thickness of the 
abdominal wall as elements determining 
the time exposure factor. An obese woman 
with polyhydramnios requires a longer 
exposure than a thin woman with a normal 
amount of amniotic fluid. Figure 4 shows 
measurement of the anteroposterior diam- 
eter of the abdomen at the level of the 
umbilicus. The time of exposure should 
vary from twenty to thirty-five seconds, 
according to the estimated thickness of 
tissue and fluid that must be traversed by 
the x-rays. 

The plumb-line and bob are removed and 
a 14 X 17 cassette is placed into the Potter- 
Bucky diaphragm so that the patient’s 
hips are crosswise on the film. The exposure 
is then made with fast screens and speed 
films according to the following technique: 


K.V 

25 

Time . 20-35 seconds 


= 
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It is of course apparent that the diam- 
eters recorded on the sensitive film are 
not the actual diameters of the pelvic 


Fic. 5. Lead plate on thin wooden board, with adjust- 
able support. Insert shows section of plate to empha- 
size perforations, which are exactly 1 cm. apart. By 
double exposure, first of pelvic inlet and then of lead 
plate made to occupy exactly same plane, latter 
becomes accurate measuring scale on exposed film. 


inlet. They are enlarged in proportion to 
the distance of the film from the pelvic 
inlet. However, this enlargement is uniform 
and calculable, because the plane of the 
pelvic inlet and the sensitive film are 
parallel. 

The measurement is made very simply 
by removing the patient and substituting 
a lead plate 142 inch thick with holes 
exactly I cm. apart in the exact plane 
formerly occupied by the pelvic inlet. 
In order to place the lead plate on the 
same plane occupied by the pelvic inlet 
during exposure, place the posterior part 
of the plate over the marker on the table 
which designates the identifying adhesive 
tab and measure the same distance with 
calipers. The anterior part of the lead 
plate is so placed that the location is 
the same as that formerly occupied by the 
symphysis pubis. This is measured by the 
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plumb-line. Then a second exposure is 
made on the same film, using the same 
technique except that the time is two 


Fic. 6. Pelvic roentgenogram with exposure of lead 
plate superimposed. Diameters of inlet are measured 
by counting number of spaces between perforations, 
each of which represents 1 cm. 


seconds. Hence the pelvic diameters and 
the holes in the lead plate are distorted 
in exactly the same proportion, and the 
diameters can be read in centimeters by 
simply counting the number of spaces 
between perforations they occupy, re- 
gardless of actual measurements on the 
film. 

In Figure 5 note the lead plate on a thin 
wooden board and an adjustable support. 
The insert shows a section of this plate, 
with the perforations exactly 1 cm. apart. 

Figure 6 shows the roentgenogram of the 
pelvic inlet with that of the lead plate 
superimposed. The pelvic diameters are 
measured by counting the spaces between 
perforations, each of which represents I cm. 

This is shown clearly in Figure 7. While 
the perforations are actually more than 1 
cm. apart on the film, because they have 
been distorted in projection, they have 
been distorted to exactly the same extent 
as the pelvic inlet. Hence the true con- 
jugate or the transverse diameter may be 
measured by simply counting the spaces 
between the perforations. 


| | 
va 
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Figure 8 is a roentgenogram of the 
pelvic inlet taken without use of the per- 
forated lead plate. If the factors are known, 


Wa 
. . . . 
\ 


aa True conjugste. 
LG Transverse diameter. 

Fic. 7. How true conjugate and transverse diameter 
may be measured by simply counting spaces between 
perforations and expressing in centimeters. Although 
these spaces are actually more than 1 cm. apart on 
film, they have been distorted to exactly same extent 
as pelvic inlet. 


the pelvic diameters can be calculated 
from such a roentgenogram by geometrical 
methods. 

A simple calculation of the true pelvic 
diameters without use of the perforated 
lead plate may be made as follows: 

Multiply the actual measurements on the 
film by the following fraction: 


(Tube distance from film) — (adhesive tab distance from film) 


(Tube distance from film) 

For example, let us assume that the 

target is 90 cm. from the sensitive film 

and the identifying adhesive tab 18 cm.; 

also, that by actual measurement the 

anteroposterior diameter of the inlet is 
12.5 cm. on the film. 


Our multiplication factor becomes 
go — 18 
: ox Multiplying the actual 


measurement on the film, 12.5 cm., by 
this fraction to correct error due to dis- 
tortion, we obtain the product of 10 cm., 
representing the conjugata vera. 

LATERAL ROENTGEN PELVIMETRY 


Thoms? also stresses the value of lateral 
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roentgenograms of the pelvis. He points 
out that by lateral roentgenograms the 
size and contour of the anterior surface of 


Fic. 8. Roentgenogram of pelvic inlet without use of 
perforated lead plate. From known factors diameters 
can be calculated according to method described in 
text. 

the sacrum may be viewed. This is impor- 

tant in the recognition of sacral abnor- 

malities, especially those of rachitis. In 
addition the relation of the presenting part 
to the birth canal may be studied at term, 
an especially valuable procedure in cases 
in which non-descent of the fetal head is 
present and disproportion is suspected. 
The patient is placed laterally in the 

position used when the external con- 
jugate diameter is measured. One ace- 
tabulum must accurately superimpose the 
other, and this is accomplished by having 
the legs perfectly straight and the nates 
in the same vertical plane. By means of a 
pelvimeter in position for measuring the 
external conjugate, that is, with one end 
on the superior border of the symphysis 
and the other against the identifying 
adhesive tab, a midpoint is_ reached 
between the ends of the pelvimeter. The 
tube or target is centered by means of a 
plumb-line over this point, at a distance 
-5 cm. from the film. The current used 
is 20 ma. and the exposure varies from 
twenty to forty seconds, depending upon 
the size of the patient. Duplitized super- 
speed films, a double screen with Bucky 
diaphragm, and a medium focus Coolidge 
tube are used. 


\ 
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Following the exposure, the patient is 
removed from her position, the film and 
tube being left in place. The perforated 


: 
chevel of Level of 
"promontory. Syroph. 
a.-b. perforaled 
lead plate. 
B 
\Sensilive film” 


Fic. 9. How true conjugate, a-b, can be calculated from 
known factors. This calculation can be made by 
employing various geometrical theorems, but most 
simply by employing multiplication fraction described 
in text. A-B represents actual measurement of diam- 
eter on film. a-b is true conjugate diameter, plane 
of which is also occupied by perforated lead plate 
when latter is used. 


lead sheet, with small holes 1 cm. apart, 
is then placed in the same plane as that 
of the anteroposterior diameter of the 
superior strait and a flash exposure made 
on the same film. 

On development of the film, the promon- 
tory and anterior surface of the sacrum 


and the posterior surface of the symphysis 
are viewed. A somewhat widely spaced 
dotted line appears through the center 


Fic. 10. Cephalogram. See Fig. 11 for explanation. 


of the film. The spaces between each of 
the dots represent 1 cm. on the plane 
through which the anteroposterior diam- 
eter of the superior strait passes. This 
technique is simply the adaptation of 
the Thoms superior strait pelvimetry to 
lateral pelvic roentgenograms, and the 
principle here involved is the measure- 
ment of the conjugata vera by lateral 
roentgenograms. 


FETAL CEPHALOMETRY 


Fetal cephalography in utero is, of 
course, highly important in estimating 
relative disproportion between the fetus 
and the pelvic outlet. The procedure 
described by Thoms, who has made an 
exhaustive study of the subject, is essen- 
tially an adaptation of his method of 
roentgen pelvimetry. It is a procedure 
for estimating the occipito-frontal diam- 
eter in utero and securing a profile of the 
cranium in its true proportions. 

The procedure I employ is as follows: 

The patient is placed on the table in 
the recumbent position. The occiput and 
sinciput of the fetal head are located by 
palpation and measured through the ab- 
dominal wall with the pelvimeter. Markers 
are placed on the abdominal wall at 
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points corresponding to the extremities 
of the occipito-frontal diameter. 

The central x-rays are passed through a 


Pencil 


measuriag object 
. . \ 


aa@ Orcipite froatal 


aioameler 


Fic. 11. Measuring occipito-frontal diameter from 
cephalogram. Take length of occipito-frontal diam- 
eter on film with pencil or unruled marker. Turn 
this measuring object vertically and count number 
of spaces between perforations it occupies. This 
represents diameter in centimeters. 


point midway between the two markers 
and at a distance of go cm. from the film. 
A 14 X 17 film in cassette is then placed 
into the Potter-Bucky diaphragm pan 
lengthwise and the exposure made accord- 
ing to the following technique: 


Distance. . gocm, 

85 

Time.. 7-10 seconds, using fast 


screens and superspeed 
films. 


The distance from the target of the 
tube to the point marked on the abdomen 
for the center of the occipito-frontal 
plane is measured by use of the plumb- 
line and recorded. 

The patient is taken off the table and the 
lead sheet with perforations exactly 1 
cm. apart placed on the same plane as 
that formerly occupied by the fetal head. 
This is accomplished by bringing the plate 
up to the plumb-line at a fixed distance 
from the target of the tube. A second 


Jarcho—Pelvic Measurement 


NovEMBER, 193! 


exposure is then made on the same film, 
using the same technique as before but 
with an exposure time of two seconds. 

Figure 10 shows the cephalogram with 
the shadow of the perforated lead plate 
superimposed. Figure 11 shows a simple 
method of measuring the occipito-frontal 
diameter directly from the cephalogram. 
With a pencil or unruled marker measure 
the diameter on the roentgenogram. Ignore 
the actual length in centimeters, as the 
diameter has been distorted in projection. 
Turn the marker in a vertical direction 
and measure the length it occupies in 
terms of spaces between perforations it 
occupies on the film. Count the number of 
these spaces. They represent the length 
of the occipito-frontal diameter in centi- 
meters, because both the fetal head and 
the perforated lead plate have been equally 
distorted in projection. 


DETERMINATION OF FETAL MATURITY 


Quite recently, Thoms has called atten- 
tion to the value of fetal cephalography 
in determining the degree of maturity 
of the fetus in utero. Hitherto methods 
employed to determine the age of the 
fetus in utero have been crude and in- 
accurate, the most dependable being that 
of palpating the fetus through the abdomi- 
nal wall, which is obviously unreliable. 

The method which Thoms? proposes is 
based on the method of cephalography 
by which the occipito-frontal diameter 
is obtained. A statistical study of a rela- 
tively large number (446) of newborn 
infants was made to determine the rela- 
tionship of the occipito-frontal diameter 
to fetal length and body weight, and 
to demonstrate that a knowledge of this 
diameter gives a practical index to fetal 
maturity. In this group of 446 infants, 
369 measured 45 cm. or over from crown 
to heel. Of these 369 infants, 337, or 91.5 
per cent, had an occipito-frontal diameter 
of 10.5 cm. or more. It therefore appears 
that in a given instance, an_ occipito- 
frontal diameter of 10.5 cm. would be 
evidence of an accompanying crown-heel 
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length of 45 cm. or more. An effort was 
then made to determine the relation of 
body weight to occipito-frontal diameter. 
Only infants weighing under 3000 gm. 
were included and those under 2500 gm. 
were regarded as premature. Of 453 
infants studied, 327 weighed over 2500 
gm. In 312, or 95.4 per cent, the occipito- 
frontal diameter was 10.5 cm. or more. 
Of 126 infants weighing less than 2500 
gm., 86, or 68.2 per cent, had an occipito- 
frontal diameter of 10.5 cm. or under. 
It would therefore appear in instances 
in which the diameter is over 10.5 cm., a 
body weight of over 2500 gm. may be 
expected. The evidence from these figures 
indicates that in a given instance an 
occipito-frontal diameter of over 10.5 cm. 
will be accompanied by a _ crown-heel 
length of over 45 cm., and a body weight 
of over 2500 gm. Hence the occipito- 
frontal diameter in utero affords a means 
of determining intrauterine fetal maturity. 


STEREOROENTGEN PELVIMETRY 


Roentgenopelvimetry by means of a 


stereoroentgenometer is described by John- 


son (1929).'° The stereoroentgenometer 
is a mechanical device for determining the 
solid dimensions of objects from stereo- 
scopic roentgenograms. A view box estab- 
lishes the plane of the roentgenograms 
and provides illumination. Flexible wires, 
with automatically adjustable length and a 
means of terminal fixation, represent the 
x-rays. Adjustable pointers fix in space the 
relative positions of the various unknown 
points. A special marker adapted to the 
X-ray apparatus casts a shadow on the 
roentgenograms which is of assistance in 
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their exact superimposition and also in the 
establishment of their position on the view 
box. In pelvimetry the internal diameters 
of the bony pelvis, as well as the essential 
diameters of the fetal head, may be deter- 
mined accurately. In determining the 
dimensions of the pelvis and fetal head, the 
diameters of the bony pelvis ordinarily 
given in textbooks are used. In the inlet 
two additional measurements have been 
employed, called the right and left con- 
jugates. These diameters extend from the 
right and left sacroiliac synchcndroses 
to the symphysis pubis, and are used as an 
additional check on the anteroposterior 
diameter of the inlet. The angle of the 
plane of the inlet is also taken; with the 
patient in the supine position, the average 
is about 40° with the horizontal. 


SUMMARY 


Clinical methods of determining the 
diameters of the maternal pelvis and fetal 
head, while of practical value as approxi- 
mate measurements, leave much to be 
desired from the standpoint of accuracy. 
By means of roentgenographical pelvi- 
metry, the size of the passages and the 
passenger may be determined with great 
precision. In difficult cases these exact 
measurements may be of much impor- 
tance. Various methods by which they 
may be obtained roentgenographically are 


described. 


I wish to express my gratitude to Dr. Arthur 
S. Unger, Director of the Department of 
Radiology at Sydenham Hospital, and to 
Miss Florence Wyble, head technician, for 
their valuable help, unfailing courtesy and 
cooperation in doing this work. 
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PUERPERAL INVERSION OF THE UTERUS 


GANGRENOUS UTERUS. ABDOMINAL PANHYSTERECTOMY. RECOVERY* 


N_ 1926,! I reviewed the literature of 
inversion of the uterus and reported a 
case of chronic inversion treated by the 

Spinelli operation. In May, 1929,? I pub- 

lished a second paper entitled Puerperal 

Inversion of the Uterus and reported 2 

additional cases, making a total of 3 cases 

which I had personally treated. My fourth 
case was seen in November, 1930, and 
forms the basis of this report. 


REPORT OF CASE 


History: Mrs. L. P., a white married woman, 
thirty years of age, born in Massachusetts, 
was admitted to the Gynecological and 
Obstetrical Service of the Carney Hospital 
on February 5, 1931. On February 2, 1931, 
she had entered an out of town hospital where 
she had been delivered normally of a female 
child, by her family physician, fifteen minutes 
after admission. Her membranes had ruptured 
on January 31, but labor had not started 
until February 2. The placenta did not deliver 
itself readily and the patient thought that the 
doctor tried to remove it manually. The uterus 
was inverted and a local consultant attempted 
to replace it without success. She was given 
salt solution by hypodermoclysis in the thighs. 
The next day, February 3, she felt weak and 
had to be catheterized frequently. During the 
forenoon of February 4, she was etherized and 
the consultant made a second attempt to 
replace the uterus by vaginal manipulations. 
This second attempt also resulted in failure. 
She was then sent to my Service, by ambulance, 
having to cover a distance of thirty miles. 

The family history showed that her father, 
mother, brothers and sisters were all living and 
well. There were no deaths and no chronic 
diseases in the family. She had had measles, 
mumps and pertussis in early childhood; 


1Phaneuf, L. E. Inversion of the uterus. Am. J. 
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otherwise she had always been well. Her 
menstruation was established at the age of 
fourteen; the periods were regular, of the 
twenty-eight day type, lasted three days, were 
never accompanied by pain and no clots were 
passed. The last period had occurred on April 
26, 1930. She had been married five years; 
her husband was living and well. She had 
three children, the oldest was three years 
and the youngest three days old. Her first 
labor was terminated instrumentally and was 
followed by a normal puerperium; her second 
labor was normal but there had been some 
difficulty with the placental stage; her third 
and present labor was normal and was followed 
by inversion of the uterus. There were no 
miscarriages or stillbirths. 

Examination: The patient was pale, in a 
state of moderate shock, but suffering no 
pain. Her temperature was 101°F., (38.3°c.), 
pulse 128 and respirations 20. The head, 
neck, heart and lungs revealed no abnormali- 
ties. The abdominal walls were adipose and 
relaxed, otherwise nothing remarkable was 
found on abdominal examination. The ex- 
tremities and reflexes were normal. 

Local Examination: The vulva was edema- 
tous and ecchymotic; it had a bluish-black 
appearance, the perineum showed a recent 
laceration extending to the sphincter ani but 
not through it. There was a small amount of 
vaginal discharge and a very foul odor from a 
gangrenous inverted uterus. The patient, after 
the usual preparation, was taken to the 
operating room. 

Diagnosis: Puerperal inversion of the uterus. 
Gangrenous uterus. 

Operation: Transfusion, spinal anesthesia. 
Panhysterectomy, double salpingo-oophorec- 
tomy, drainage. Transfusion. 

I saw the patient at 3:30 p.M. and she was 
in the operating room at 4 P.M. She was given a 
transfusion of 600 c.c. of citrated blood, her 
husband acting as the donor. This improved 
her condition materially. It was decided to 
operate abdominally because of the edema 
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and ecchymosis of the vulva and vagina. 
Spinal anesthesia was administered, using 
150 mg. of sterile novocaine crystals dissolved 
in 3 c.c. of spinal fluid, slowly injecting the 
mixture. The anesthesia was hard of induction 
and an extra long needle was necessary to 
obtain the spinal fluid, the usual needles 
having failed. The deep Trendelenburg posi- 
tion was used. The abdomen was opened by a 
median suprapubic incision extending from 
the symphisis to the umbilicus. The intestines 
were well walled off from the pelvis by 2 three- 
yard wicks of gauze. The bladder was found 
to be full and the operation was suspended 
while the patient was catheterized. On exami- 
nation, the crater of the inversion presented 
and the tubes and ovaries were drawn into it. 
The ring was about 4 cm. in circumference. 
The infundibulopelvic ligaments were tied and 
cut, the posterior surface of the ring was picked 
up by two large vulsella and traction made 
upward. The ring was incised posteriorly, 
opening the vagina; the posterior wall of the 
uterus was then incised until this organ could 
be reinverted. After reinversion the uterus was 
wrapped in a sterile towel and the pelvis 
further protected by another sterile towel. 
The round ligaments were cut between clamps, 
the bladder was freely separated from the 
uterus and vagina and the uterine and vaginal 
vessels were cut between clamps. The vessels 
of each side were ligated with No. 2 chromic 
catgut and the vagina was cut in a circular 
fashion so as to meet the posterior opening 
already made, thus removing the gangrenous 
uterus and adnexa. A one-yard strip of iodo- 
form gauze was placed in the vagina, one end 
being allowed to come out in the peritoneal 
cavity. The anterior and posterior leaves of 
the broad ligaments were approximated with 
interrupted catgut sutures, covering over all 
raw areas but leaving a central opening for 
drainage. The table was placed in the horizon- 
tal position, the towel and walling-off strips 
were removed and the abdominal wall was 
closed in layers. There had been practically 
no bleeding and the patient had stood the 
operation well. A second blood transfusion of 
600 c.c. of citrated blood was administered, a 
brother-in-law acting as the donor. She was 
returned to her bed in good condition, her 
pulse being full and 120 in rate. 

Convalescence: February 6, 1931, the tem- 
perature was 101.4°F. (38.5°c.), pulse 120, 
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respirations 24. The general condition was 
satisfactory, she was voiding urine normally. 
February 8, the iodoform wick was removed, 
the bladder and the bowels were functioning 
normally and the patient was bright and 
cheerful. February 12, the temperature rose 
to 102°F., (38.8°c.), the pulse to 130 and the 
respirations to 28; she seemed comfortable. 
February 14, the stay sutures were removed; 
a large quantity of foul pus was evacuated 
from the incision, leaving two draining sinuses. 
The incision was irrigated twice daily with 
warm chlorinated soda _ solution. February 
17, the temperature, pulse and respirations 
were normal; there was but a small amount 
of drainage; the irrigations were discontinued. 
February 23, the small sinuses in the incision 
were almost closed; the patient was allowed 
out of bed and felt well. 

Laboratory Examinations: The urine was 
examined on February 10, and February 14. 
It was negative except for the slightest possible 
trace of albumin and clumps of pus in the 
sediment. 

Blood Examinations: Feb. 5, 1931, on ad- 
mission R.B.C. 2,140,000, Hb. 38 per cent. 
Sahli. Feb. 6, 1931, R.B.c. 2,070,000, Hb. 53 
per cent. Sahli. Feb. 10, 1931, R.B.C. 3,700,000, 
Hb. 60 per cent. Sahli. Feb. 24, 1931, R.B.c. 
4,170,000, Hb. 68 per cent. Sahli. 

Discharge Note: February 24, the abdominal 
incision was healed except for two small granu- 
lating sinuses. The vaginal examination showed 
the vaginal vault to be well healed and high 
in the pelvis; there was no sign of prolapse of 
the bladder or rectum; there were no masses 
or areas of tenderness in the pelvis. She was 
discharged cured on the nineteenth post- 
operative day. 

Pathological Report: The following report 
was received from Dr. Frank B. Mallory, who 
examined the specimen. “The blood sinuses 
are filled with clots, which probably account 
for the adherence of the placenta, since there 
is no evidence, histologically, of the lesion 
characteristic of placenta accreta.”’ 

Subsequent Examination: April 6, 1931, the 
abdominal incision was well healed; there was 
no induration and no tenderness. Vaginal 
examination showed a healed second degree 
laceration of the perineum; there was no 
cystocele and no rectocele; the vaginal vault 
was well healed and held high in the pelvis; 
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there was no bulging on straining; the patient 
felt well and had resumed her household duties. 


Comment: Puerperal inversion of the 
uterus is a rare condition, the predisposing 
causes of which are uterine inertia, pressure 
on the fundus from above and traction on 
the cord from below. Shock is the leading 
symptom and when this occurs after the 
third stage of labor, uterine inversion 
should always be borne in mind. In acute 
cases the uterus should be reinverted, 
manually, when possible, as soon as the 
condition is discovered. In cases in which 
this is not possible, laparotomy and 
reposition by taxis seem to give the best 
results. When a gangrenous uterus is 
discovered such as the one reported here, a 


56. Preiss, G. A. Ausschaltung der Bauchhéhlen- 

sensibilitit durch Blockierung der Nervi Splan- 

chnici und der Rami communicantes des lumba- 
len Grenzstranges. Deutsch. Ztschr. f. Chir., 

159: 59-101, 1920. 

57. Preiss, G. A., and Ritrer, A. Blocking the 
splanchnic nerves. J. Nerv. e* Ment. Dis., 53: 
361-366, 1921. 

58. Ranson, S. W. An introduction to a series of 
studies on the sympathetic nervous system. 
J. Comp. Neurol., 29: 305-312, 1918. 

59. Ranson, S. W. Afferent paths for visceral reflexes. 
Physiol. Rev., 1: 477-522, 1921. 

60. Ranson, S. W. Anatomy of the Nervous System. 
Philadelphia, W. B. Saunders Co., 1931. 

61. Raspotsky, I. Reflexe und sensible Phanomene von 
seiten des Nervus vagus bei chirurgischen Er- 
krankungen der inneren Organe. Beitr. z. klin. 
Chir., 132: 200-214, 1924. 

62. Reicu, A. Die Verletzungen des Nervus vagus und 
ihre Folgen. Beitr. z. klin. Chir., 56: 684, 1908. 

63. Rem, M. R. Tumors of the autonomic nervous 
system. Ann. Surg., 88: 516-533, 1928. 

64. Rem, M. R. Tumors of the vegetative nervous 
system. In: Vegetative Nervous System. Col- 
lected papers, Research in Nervous and Mental 
Disease. Baltimore, Williams and Wilkins Co., 
1930, 9: 690-7109. 

65. Rossi, F. La resezione del tronco simpatico toracico 
e dei nervi splancnici nello spatium inframe- 
diastinale posterius. Arch. ital. Chir., 21: H 6, 
1928; Abstr. Zentralbl. f. Chir., 56: 1334, 1929. 

66. Roux, J. C. Les lésions du systéme grand sym- 
pathique dans le tabes et leur rapport avec les 


Phaneuf—Inversion of Uterus 


REFERENCES OF DR. ALVAREZ* 


* Continued from p. 394. 


NoveEMBER, 1931! 


hysterectomy becomes necessary. This may 
be done by the vaginal or the abdominal 
route. I am inclined to think, from our 
experience, that an abdominal hysterec- 
tomy is simpler to perform when there is 
marked ecchymosis and edema of the 
vagina from previous attempts at reposi- 
tion. Chronic inversion is well treated by 
the vaginal route, anterior colpohyster- 
otomy (Spinelli operation) when the uterus 
can be saved and by vaginal hysterectomy 
when the opposite obtains. The shock 
should be combated by blood transfusions 
before attempting the operative procedures. 
The obstetric future of a woman who has 
had a Spinelli operation should be that of 
one delivered by a previous classical 
cesarean section. 
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IS THE BLOOD FLOW IN VARICOSE VEINS REVERSED? 
RADIOGRAPHIC AND CLINICAL OBSERVATIONS* 


A. SCHMIER, M.D. 


BROOKLYN, N. Y. 


authorities beginning with Tren- 

delenburg, and including Magnus, 
Jentzer, and McPheeters, there is a rever- 
sed flow in the superficial veins in which 
the valves are incompetent or insufficient. 
The Trendelenburg Law, which embodies 
this opinion, is generally regarded to be 
true. Although I have made an exhaustive 
review of the literature, I have been unable 
to find a contradictory assertion to this 
law. The results of experiments conducted 
by me are directly opposed to this accepted 
version. They not only disprove the rever- 
sed flow where the valves are insufticient, 
but they also throw considerable doubt 
upon the actual function of the valves in 
determining the direction of the flow. 

The work recently reported by me, the 
results of which indicate that the direction 
of flow in the superficial venous system is 
toward the heart, was performed with the 
patients in the horizontal position. It 
appeared logical to me that the position 
of the patient might have influenced the 
proximal flow of the iodized oil. With this 
in view, the following experiments were 
performed with the patients in the stand- 
ing position.! 


suthorities to the acknowledged 


CasE 1. Figure 1 presents a_ uniformly 
dilated, saccular, tortuously varicosed great 
saphenous vein of the right leg, extending from 
the mid-thigh to the mid-calf. The vein 
branches considerably in the calf, presenting 
many smaller saccular varicosities. The dark 
oval discoloration on the inner mid-calf plays 


1 It is quite important to note that the patients were 
placed in front of an upright x-ray diaphragm before 
any injection was resorted to. In this way roentgeno- 
grams could be taken without the patient’s moving at 
all. This procedure was intentionally planned, so that 
any muscle action in moving the leg would play no 
part here in influencing the direction of the flow. 


no part in the discussion, since it is an old 
gunshot scar. The positive phase of the Trend- 
elenburg test alone is present. 


Fic. 1, Case 1. Varicose veins of right leg with positive 
phase Trendelenburg. 


With the patient standing, 3 c.c. of iodized 
oil were injected into the upper end of the 
varicosed vein. Care was taken to direct the 
needle downward, thus eliminating the possi- 
bility of forcibly injecting the solution towards 
the heart. An x-ray was immediately taken, the 
syringe being held in position, with my thumb 
on the head of the plunger. In Figure 2, it is 
apparent that some of the oil dropped to the 
level of torsion in the vein. Yet quite a bit of 
the iodized solution ascended along the 
saphenous, as is proved by the deeper shading 


* Submitted for publication May 25, 1931. 
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of the vein above the needle here than is noted 
in Figure 3. It is evident that the solution has 
both ascended and descended. The patient 


Fic. 2, Case 1. Iodized oil ascending and descending 
in saphenous vein. 


was standing perfectly quietly during the 
entire procedure. Pressure on the plunger of 
the syringe was then removed, and immediately 
the plunger was forced back by the flow of 
blood. Another x-ray was then taken, and 
Figure 3 presents the findings. The iodized oil 
has practically all vanished from the area 
visualized. The vein above the needle has 
greatly diminished in density, and one can 
still see a portion of the oil descending in the 
main trunk of the saphenous. Figure 4 defi- 
nitely proves that most of the iodized oil has 
descended into the veins of the calf. 


It is evident in this case that apparently 
the flow of blood is in the main reversed. 
At least inspection of the roentgenograms 
would lead one to believe this. It occurred 
to me, however, that gravity might have 
played an important part in the descent of 
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the oil, as a result of which I made inquiries 
with respect to the comparative weights 
of the blood and the oil employed. Accord- 


Fic. 3, Case 1. Most of oil has disappeared, due to its 
further descent. 


ing to Mathews, the specific gravity of 
blood plasma varies from 1.0237 to 1.0276 
at 25°. The specific gravity of the red 
corpuscles (Abderhalden) is 1.088. There- 
fore, the average specific gravity of whole 
blood is 1.0578. In contrast, the specific 
gravity of the todized oil uniformly used is 
1.350, a difference of 0.30 or almost a third 
heavier than the blood. Even if the direc- 
tion of flow were not reversed, would not 
the heavier oil have descended? Indeed, one 
can readily imagine the centripetal force 
there must have been present in the blood 
stream to carry some of the heavy oil 
upward, as it did. 


Case 1, Figures 5 and 6 present a greatly 
enlarged, tortuous, saccular, internal saphe- 
nous, extending from the upper inner thigh 
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down to the upper inner calf. Below this, the 
vein branches considerably into smaller saccu- 
lar varicosities. A double phase Trendelenburg 


Fic. 4, Case 1. Descended oil scattered through veins 
of calf. 


is present here, indicating that the valves in 
the saphenous and one or more communicating 
veins are incompetent. The large distended 
varix on the inner aspect of the knee, as pre- 
sented in Figure 5, is the penetrating vein, 
the valves of which are incompetent. 

The same x-ray technique was employed 
here as before, the patient standing quietly 
throughout. Figure 7 clearly indicates the oil 
ascending in the vein and also descending to 
the loop below. Figure 8 shows the loss of 
density above the needle noted in the previous 
x-ray, and further descent of the oil. In Figure 
9 one sees the oil descending further. Figure 10 
visualizes the varicosities fairly well, but no 
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oil can be seen. It is apparent, then, that the 
oil did not drop below the level of the pene- 
trating vein at the inner aspect of the knee. 


Fic. 6. 

Fic. 5, Case 1. Varicose veins of left leg with double 
phase Trendelenburg. Note large penetrating vein 
on inner aspect of knee. 

Fic. 6, Case 11. Same case. Posterior view. 
One will also note that the iodized oil remained 
entirely in the superficial system of veins. In 
this case, as in the first, the heavy oil was 
employed. There is no doubt that some of the 
oil passed upward, evidently with the blood 
stream, and I wondered whether all of it 
would not have followed, had the specific 
gravity of both blood and oil coincided. 


Undoubtedly, any conclusions derived 
from these 2 cases cannot be accepted as 
accurate. In order, therefore, to determine 
the true direction of the blood stream with 
reference to the Trendelenburg test, it 
seemed imperative that I employ an iodized 
oil with specific gravity the same as that 
of the blood. Since this is quite impossible 
in every case, I had prepared a quantity of 
iodized oil with specific gravity of 1.0578, 
the average specific gravity of blood in all 
individuals. In an attempt further to inter- 
pret more accurately the results I might 
obtain, I determined to measure the 
specific gravity of the venous blood in all 
cases studied. The method employed was 
that of Hammerschlag. In comparing the 
specific gravities of the bloods obtained 
with that of the oil, I found a variation of 
only 0.001 to 0.02. This is negligible when 
we contrast the specific gravity of the 
blood with that of the heavy oil originally 
employed. 
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Before proceeding with the cases in which 
the new oil was used, I will review the inter- 
pretation of the Trendelenburg Law. In his 


original article, Trendelenburg describes 
what is termed the positive phase Trendel- 
enburg, in which the valves of the superficial 
saphenous vein are incompetent, but says 
nothing of a negative or double phase 
Trendelenburg so commonly attributed to 
him. His interpretation of a positive phase 
is translated as follows: 


As soon, therefore, as the valves of the trunk 
of the saphenous vein have become insufficient, 
no valvular occlusion takes place any longer 
from the varices of the leg upward to the right 
heart. The vena cava, the iliac vein, and the 
uppermost portion of the femoral vein and 
the saphenous vein with its branches form a 
single, communicating tubal system which is 
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not interrupted by any valvular occlusion, and 
the fluid content of which follows chiefly the 
law of gravitation in its movement. 


Fic. 8, Case u. Loss of density above needle, and 
further descent of oil. 


The blood, which under ordinary conditions 
fills the region of the varicose saphenous vein, 
therefore originates only in a small measure 
from the capillaries. Most of it has regurgitated 
from the iliac vein. 


In addition to the Trendelenburg Law, 
it has been accepted that in cases of nega- 
tive or double phase, where the valves in 
the communicating veins are also incom- 
petent, the flow is from the deep system 
through the communicating vein into the 
superficial system and up to the heart, or 
centripetal. In my recent article I also 
accepted the double phase interpretation 
described, since the oil did travel upward. 
I have since discovered that this is not 
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always the case, as can be seen in the 
following roentgenograms. 
The technique employed was similar to 


Fic. 9, Case 1. lodized oil descending to level of knee. 


that in the first 2 cases, the patients, how- 
ever, standing before an upright fluoro- 
scope with which x-rays could also be 
taken. Fluoroscopic observations were first 
made and then a roentgenogram or per- 
manent record obtained. This procedure 
allowed me more accurate observations on 
the activity of the iodized oil during and 
after the injection, as well as the effect of 
inspiration, expiration, coughing, and 
straining upon the direction of flow. The 
patients stood perfectly quiet throughout 
the procedure. 

Case 1. Figure 11 presents moderately 


enlarged saccular varicosities extending from 
the upper third of the right calf down to the 
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inner malleolus. The specific gravity is 1.037. 
The Trendelenburg test presents the positive 
phase only. 


Fic. 10, Case 1. Shadowy outline of veins in 
calf, but no oil present. 


With the needle directed downward, 2 c.c. 
of the iodized oil (specific gravity 1.057) were 
injected into the vein indicated. Before the 
injection was even completed, I could observe, 
fluoroscopically, the globules of oil rising in 
the vein. Not one globule descended below the 
level of the needle. Deep inspiration brought 
the ascent to a halt and the oil began to 
descend. Natural expiration had no effect upon 
its flow. Forced expiration caused the oil to 
descend, as did straining. With the patient 
breathing naturally now, the oil ascended 
through the saphenous vein into the femoral 
and up into the pelvis where it could not be 
followed. A second injection was now attempted 
in order to obtain a roentgenogram of so 
interesting a demonstration. Unfortunately, 
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however, my needle slipped out of the vein 
and- some of the oil entered the perivenous 
tissue. No reaction followed for several weeks, 


Fic. 11, Case 11. Varicose veins of right leg with 
positive phase Trendelenburg. Blood specific gravity 
is 1.037. 


and the veins were felt to be as soft as origi- 
nally. The injection was then repeated, and 
again the solution ascended, as is noted in 
Figure 12. Only .05 c.c. of the iodized oil was 
injected. Three distinct globules can be seen 
ascending above the level of the knee joint. A 
few similar globules can be noticed in the inter- 
nal saphenous at about the mid-thigh. The 
iodized oil cf the previous injection can be 
seen in the subcutaneous tissue. * 


Case tv. Figure 13 presents an enlarged 
saccular, tortuous internal saphenous vein 
extending from the upper inner left thigh to 
the inner middle left calf. The positive phase 
Trendelenburg is alone present, and the specific 

* It may be stated that the injection of a viscid oil 
through a small gauge needle requires tremendous 
force, during which procedure the needle may easily 
slip out of the vein. 
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gravity is 1.048. Before resorting to the x-ray 
to ascertain the direction of the blood stream, I 
thought it plausible that a clinical test might 


Fic. 12, Case 111. Iodized oil ascending in saphenous to 
level of mid-thigh. Note shadows around needle due 
to previous perivenous injection. 


determine the source of blood to the varicosed 
veins. With this in view, the following proce- 
dure was employed. The patient was placed in 
the recumbent position with the leg elevated. 
When the veins emptied, a tourniquet was 
applied above the level of the uppermost 
varicosity. The patient was then allowed to 
stand, and the absence of veins can be noted 
in Figure 14. The procedure and result, thus 
far, correspond to the positive Trendelenburg 
test. The patient was instructed to remain 
standing quietly, and in one minute I could ob- 
serve the veins filling from below. In four min- 
utes, the entire saphenous was again distended 
to its original appearance, as is evidenced in Fig. 
15. It became clear to me then, that even though 
the various valves were deficient, the blood 
flow, clinically, was still towards the heart, 
propelled by the driving force through the 
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capillaries. Had the tourniquet been removed 
before the veins filled from below, it is true that 


they would have been filled by the reflux of 
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the saphenous vein. And this has occurred 
even though the patients were standing and 
the solution used was slightly heavier than 


Fic. 13. 


Fic. 14. 


Fic. 15 


Fic. 13, Case 1v. Varicose veins of left leg with positive phase Trendelenburg. Blood specific gravity is 1.048. 

Fic. 14, Case 1v. Absence of veins after they have been emptied, and tourniquet applied, corresponding to 
positive Trendelenburg test. 

Fic. 15, Case 1v. Reappearance of veins after four minutes, patient having remained quietly in same position, 
with tourniquet still in place. 


blood from the femoral above. According to 
the law of gravity, the column of blood must 
drop to the level of the blood in the vein below. 
Following this, however, the blood flows 
slowly upward with the existing current, which 
is established by the force of the heart beat 
and transmitted through the capillaries. 

An x-ray study was then made to confirm 
the clinical results obtained. Figure 16 clearly 
demonstrates the oil ascending in the saphen- 
ous, substantiating the accuracy of the clinical 
test. Even the plunger was driven to the upper 
end of the syringe, indicating the centripetal 
force present in the blood stream. There are, 
therefore, 2 cases of positive Trendelenburg 
phase in which the solution has ascended in 


either blood specimen. There is no doubt that 
the flow of blood is centripetal. 


Case v. Figure 17 represents a case of 
double Trendelenburg phase in the left leg, with 
the blood specific gravity of 1.056. The vein 
designated by the ink dot was injected with 
2 c.c. of the iodized oil. Figure 18 indicates an 
ascending and descending movement of the 
oil. During normal respiration, with the patient 
standing quietly for three minutes, the position 
of the globules did not change. The solution 
remained entirely within the superficial system. 
Deep inspiration caused the oil to rise, whereas 
forced expiration caused it to descend. Strain- 
ing produced marked descension. 
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Case vi. Figure 19 is also one of double 
Trendelenburg phase in the left leg. The blood 
specific gravity is 1.051. The large vein on the 


Fic. 16, Case tv. lodized oil ascending in tortuous 
saphenous vein. Plunger has been forced up full 
length of syringe. 


inner upper aspect of the calf was injected with 
2 c.c. of the iodized oil. Fluoroscopically, the 
solution was seen to descend immediately to 
the level of the mid-calf where it entered the 
deep system through the communicating vein. 
Figures 20 and 21 demonstrate this quite 
clearly. Deep inspiration forced the oil slightly 
down in the superficial system and slightly up 
in the deep system. Forced expiration stopped 
the normal flow from the superficial to the 
deep system. Straining forced the solution 
further down in the superficial vein and also 
stopped its ascent in the deep vein. Relaxation 
allowed the oil to rise slightly in both venous 
channels. During further observation, with 
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normal respiration, the oil was seen to rise 
in the deep and descend in the superficial 
veins. 


Fic. 17, Case v. Varicose veins of left leg with double 


phase Trendelenburg. Blood specific gravity is 
1.056. 
Case vu. Figure 22 presents a case of 


double Trendelenburg phase in the right leg, 
with a blood specific gravity of 1.055. Following 
the injection, the oil immediately ascended in 
the superficial system, as can be noted in Figure 
23. Deep inspiration forced the oil down, 
whereas forced expiration allowed it to rise. 
— produced marked downward flow of 
the oil. 
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There are therefore, 3 cases, all of the 
double Trendelenburg phase, in which 
the behavior of the injected iodized oil has 


Fic. 18, Case v. lodized oil visualized above and below 
site of injection. 


differed in each. In all these cases, one or 
more valves of both the communicating 
and superficial. systems were Incompetent. 
Were the flow of blood dependent upon 
these valves, the direction of the oil 
should have been similar in each instance. 
And according to the generally accepted 
opinion, the direction of that flow should 
have been from the deep vein, through the 
communicating and up the superficial 
system. Yet, the fact that this did not occur 
certainly indicated that the predominant 
influencing factor was something other 
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than the valves. Similarly, in both cases 
with the positive Trendelenburg test, the 
iodized oil ascended in each instance. But 


Fic. 19, Case vi. Varicose veins of left leg with double 
phase Trendelenburg. Blood specific gravity is 1.051. 
with the valves incompetent, the flow 
should have been reversed, according to 
Trendelenburg. The results in all these 
cases lead me to believe, therefore, that the 
incompetency or insufliciency of the venous 
valves in varicose veins does not in itself 
alter the direction of the blood flow. It is 
also my opinion, that in cases of positive 
phase Trendelenburg, the flow of blood is 
toward the heart and not reversed, whether 
the patient is in the standing or horizontal 
position. 

The actual function of the valves in 
normal veins, I believe, is to prevent a 
sudden increase in pressure in the segments 
below them, whether the pressure be due 
to straining, coughing, body weight, con- 
striction, or pelvic tumor. The valves in the 
saphenous vein, when efficient, may dis- 
tribute this increased pressure equally to 
all segments of the vein, but they do not 
control the upward flow of blood. Undoubt- 
edly, their inefficiency decreases the rate 
of flow towards the heart by increasing the 
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existing pressure in the vein. But it must be 
remembered that there is a driving force 
from the heart that is transmitted through 


Descent of oil to lower third of calf 
where it enters communicating vein to ascend in 
deep system. 


Fic. 20, Case vi. 


the arteries and capillaries, that continues 
to force the blood up the vein, even though 
its rate is diminished. 

It appears logical to me, therefore, that 
the important factor that not only deter- 
mines the direction of flow, but also the rate 
of flow, is the difference between the pres- 
sures produced by the driving force through 
the capillaries below, and by the weight of 
the column of blood above. The width 
of the vein or the blood stream also affects 
the rate of flow in the inverse proportion. 

The evidence presented I in support of the 
upward flow of blood in varicose veins 
should not discourage the injection treat- 
ment of these veins for fear of emboli. 
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Even if the blood stream were reversed, 
what would prevent an embolus, if it did 
present itself, from entering the deep 


Fic. 21, Case vi. Same as Fig. 20. 


system through the communicating veins 
and ascending to the heart? The “fact is 
that emboli following the sclerosis of veins 
are rare and as a general rule need never 


be feared. 


I am greatly indebted to Dr. I. Tunick, 
chief of the Varicose Vein Department at the 
Joint Disease Hospital, who originally inspired 
me to follow my experimental work in varicose 
veins, and who has since been an invaluable 
aid to me. 

I am also greatly indebted to Dr. B. Wolfort 
of the Brooklyn Jewish Hospital, in whose 
orthopedic department the vein clinic functions 
as a subsidiary. It was from this clinic that the 
material was obtained for this presentation. 
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For the x-ray demonstrations in the first 
2 cases, I extend my heartiest thanks to Dr. 
M. Wasch and his staff at the Brooklyn Jewish 


Fic. 22, Case vii. Varicose veins of right leg with double 
phase Trendelenburg. Blood specific gravity is 
1.055. 


Hospital. The untiring efforts of Dr. H. Green- 


field have made it possible for me to 
present the x-ray illustrations in the remaining 
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cases, in addition to the fluoroscopic data 
observed. For this cooperation I am indeed 
grateful. 


Fic. 23, Case vit. Marked ascent of oil in saphenous 
vein. Lighter duplicate shadow of syringe is due 
to accidental double x-ray exposure on same plate. 
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HE treatment of fractures of the 

upper extremity is based upon the fun- 

damental principles that apply to all 
fractures of the long bones: first, reducing 
the deformity at the earliest possible 
moment following the injury and second, 
maintaining the corrected position for a 
sufficient time, without disturbance to 
the muscular and skeletal structures, to 
permit the normal reaction of repair to 
stabilize the position of the fragments. 

While these principles may appear ele- 
mentary to the experienced surgeon they 
are, nevertheless, matters of great impor- 
tance to be constantly observed in the 
hospital care of fractures, as they often 
appear to be lightly considered and in 
some instances totally disregarded. To 
some surgeons the chief interest in fractures 
is confined to the diagnosis of the type 
and degree of bone injury by a review of 
the x-ray films and a casual inspection of 
the patient. Beyond this his personal 
contact with the case is seldom followed 
with any noticeable degree of enthusiasm. 
Far too often the treatment is superficially 
discussed and the problems hastily disposed 
of by recommending this or that method 
of treatment while the actual disposition 
of the reduction and immobilization is 
relegated to a junior assistant, or in some 
instances, to a member of the house staff 
who may be frank enough to admit that 
he has little more than textbook knowledge 
of the treatment of fractures. 

To other surgeons the treatment of 
fractures assumes entirely different pro- 
portions, in which greater care is exercised 
in the diagnosis and in the various stages 
of treatment, with emphasis on the neces- 
sity of studying the particular factors 
involved in each case. Under these con- 
ditions the treatment that is prescribed is 
usually sufficiently interesting, and suffi- 


_HOSPITAL CARE OF UPPER EXTREMITY FRACTURES* 


G. Doran, M.D. 


YORK 


ciently difficult in its execution, to warrant 
the undivided attention of the most skillful 
member of the attending staff. 

Overemphasis of x-ray diagnosis and 
the growing tendency to delay the early 
reduction of the deformity is another 
serious error that may occasionally develop 
in a large hospital and in some instances 
may assume astounding proportions. The 
practice of leaving the diagnosis of frac- 
tures to the x-ray department is obviously 
wrong as it places an unfair responsibility 
upon those who were never intended to 
assume it. It further minimizes, and often 
totally disregards, the clinical evidence of 
skeletal injuries the ultimate effect of 
which is the growing inexperience with 
fractures which is evident in the faulty di- 
agnosis of bone injuries, and the lack .of 
confidence in the selection and management 
of the apparatus that is most suitable for the 
various types of fractures. It may be 
confidently stated that the function of 
the x-ray in the diagnosis and treatment 
of fractures cannot be minimized but it 
nevertheless has its limitations which 
confine it to the verification of the initial 
clinical findings, and following the reduc- 
tion, to the correct estimation of the 
skeletal alignment. 

Having arrived at the final diagnosis 
after a complete physical and x-ray exami- 
nation, one must select the apparatus that 
is most suitable for the fracture and avoid 
the error of trying to make the fracture 
conform to the principles of the apparatus. 

In all instances the demands and com- 
forts of the patient are of prime importance. 
Personalities and methods of treatment 
must be subordinated to the concerted 
efforts of the surgical staff to secure the 
best possible reduction of the deformity 
and the readaptation of the individual 
in the shortest possible time. It may be 
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stated with assurance that there are no 
short-cuts in the treatment of fractures 
and that no special methods of treatment 
have priority over others, unless it can 
reasonably be expected that they will 
correct the deformity or improve the 
function of the extremity. Good functional 
results are in direct proportion to the 
degree of surgical skill that the hospital 
staff can provide and to the character of 
the equipment placed at their disposal 
for the care of the patient. Good results 
may be obtained under the care of a skill- 
ful surgeon, but better results will be 
obtained by a good surgeon having good 
equipment. 

Patients may observe that some hos- 
pitals secure a higher average of good 
results than others. In exceptional in- 
stances this may be due to the individual 
Initiative of one or more members of the 
surgical staff while in the majority of 
instances it is due to the recognition by 
the hospital administration of the impor- 
tance of specialized care of fractures and 
the necessity of adequate equipment for 
the efficient care of bone injuries. In such 
institutions the treatment of fractures is 
not relegated to one individual with the 
expectation that he will personally admin- 
ister each and every phase of the treat- 
ment; on the contrary, it attempts to 
provide specialized care administered by 
numerous assistants from the various 
departments each of whom must be re- 
sponsible for their conduct of the case to 
a designated member of the surgical staff. 
The surgeon who is chosen for this duty 
should be able to demonstrate his ability 
by his individual accomplishments, train- 
ing and experience and should have the 
desire to follow a specialized branch of 
surgery that is most intimately associated 
with skeletal injuries and deformities. 
In brief the treatment of fractures has 
become a matter of departmental organiza- 
tion with specialized surgical treatment 
supplemented with adequate and efficient 
equipment. 

The chief of the fracture service must 


Doran—Fractures 


American Journal of Surgery 


443 


not only provide the training and experi- 
ence that is necessary for the position but 
he must also stimulate a spirit of research 
and investigation among the members 
of his staff in the etiology and pathology 
of bone diseases. He must encourage them 
to become familiar with the deformities 
that impair the function of the spine and 
extremities and a knowledge of the ac- 
cepted methods of treatment for each. 
He must bring to the surgical staff correct 
information of the various types of appara- 
tus employed for the correction of defor- 
mities of the extremities and to be able 
to utilize these mechanical principles in 
the treatment of fractures. The extent and 
character of the numerous problems that 
arise in the treatment of bone injuries 
are sufficient to demand the entire time 
of his daily visits to the exclusion of other 
important surgical problems. He must 
personally enter into the actual treatment 
of all cases and not be content with the 
mere supervision of the work of others. 
It is his duty to respond to emergency calls, 
institute methods of diagnosis and _ per- 
sonally undertake the treatment of all 
serious cases to insure the patient the 
best anatomical and functional results 
of his injury. Provision must be made 
for the instruction of the assistants and 
the interne staff, supervision of the equip- 
ment and conduct of the emergency ambul- 
ance service, verification of the diagnosis 
and treatment of the admitting officer and 
the insistence on the early and complete 
reduction of the fractures without delay. 
The hospital case records must be con- 
stantly reviewed by the chief of the service 
to insure proper notation of the clinical 
records which should contain frequent 
notes of the treatment and the condition 
at the time of discharge. Finally he must 
assume full responsibility for the surgical 
and physical well being of the patient 
and be able to present to the surgical 
director full and accurate knowledge of 
the patient’s condition during the entire 
period of treatment. 

Hospitals having a fracture service of 
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this character can provide immediate 
treatment to the patient upon entering 
the hospital and can reasonably expect 


Fic. 1. Arm splint attached to wheel carriage. 


good anatomical restoration of skeletal 
deformities. When one dealing is with 
severe fractures that require a general 
anesthetic for their reduction, and in 
all cases of compound fracture, the emer- 
gency treatment Is assumed by the surgeon 
in charge. It is needless to say that the 
character and condition of the fracture 
equipment are matters of extreme impor- 
tance which necessitate constantsupervision 
in the selection of the apparatus and the 
manner in which they are kept for emer- 
gency use. Whenever possible one reduc- 
tion should be made and the permanent 
apparatus applied at the earliest moment. 
The type of apparatus selected should be 
chosen especially to suit the particular 
type of fracture, and in the case of fractures 
of the long bones, should provide traction 
that is adequate to overcome the deformity. 
They should be sufficiently comfortable 
to the patient to withstand prolonged 
immobilization. 

The fulfillment of these requirements 
is not always an easy matter in large 
institutions as provision must be made to 
verify the reduction by frequent x-ray 
examinations that may require the removal 
of the patient from one part of the building 
to another. It may also be necessary to 
transport the patient to the operating 
theater as well as to make constant changes 
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of position during the nursing care, all 
of which may disturb the corrected posi- 
tion of the fracture. In the later periods 
of the treatment the application of physio- 
therapy, and in special cases the frequent 
dressings of compound fractures, all tend 
to disturb the constant application of 
traction and may even jeopardize the 
most skillful initial surgical treatment. 

The difficulties that arise in the treat- 
ment of fractures of the upper extremity 
and the frequent handling of the patient 
by numerous assistants during the period 
of bony union make it imperative to con- 
stantly guard against the possibility of 
malposition of the bony fragments. Failure 
to observe extreme care in this regard 
has been the chief cause of many personal 
disappointments and has led to the desire 
to select a special type of apparatus that 
will minimize these dangers and add if 
possible to the efficiency of the various 
types of apparatus that are commonly 
used. The instrument here described was 
designed with these facts in view and has 
been sufficiently successful to warrant a 
detailed description of its construction 
and the principles that are employed to 
overcome the common difficulties en- 
countered with injuries of the arm and 
shoulder girdle. 

The upper extremity splint consists of 
a single unit that is constructed of steel 
and can be firmly attached to either the 
bed or wheel carriage. The bed or wheel 
carriage can be moved safely over smooth 
floors or on elevators as frequently as neces- 
sary without fear of disturbing the position 
of the skeletal injury. The use of this 
apparatus emphasizes the importance of 
recumbent treatment for most injuries 
of the upper extremity and is designed to 
minimize the resistance to traction and 
counter traction and to insure strong 
continuous pull in the axis of the bone. 
Consideration is also given to the many 
nursing problems that arise during the 
convalescence that might be otherwise 
neglected in difficult cases if their existence 
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were not anticipated and measures taken 


to correct them. 


To facilitate the frequent changes of 


Fic. 2. Apparatus attached to the fracture bed. 


position and to permit a reasonable amount 
of movement during the recumbent treat- 
ment we make use of a horizontal rail and 
sliding section which permits the suspen- 
sion unit to move toward and away from 
the patient without interrupting the sup- 
port and traction in the axis of the bone. 
The rail is supported from the floor by a 
small carriage mounted on a base with 
roller bearing wheels and is connected to 
the bed frame by a strong connecting rod 
with an adjustable clamp. The horizontal 
rail may be altered in its position to permit 
frequent changes in the direction of the 
axial traction and may be raised or low- 
ered to obtain flexion or extension of the 
shoulder joint. A similar support is pro- 
vided to be attached to the bed without the 
floor support if the conditions warrant 
its use. 

The suspension unit is mounted on four 
wheels and moves freely in the horizontal 
position. It is placed between the traction 
force and the counter weight of the body 
and holds the arm in suspension in one 
plane corresponding to the axis of the 
forces acting on the skeletal structures. 
The apparatus provides for traction, 
counter traction, suspension and immo- 
bilization and is so constructed that it 
can be firmly clamped to the bed and 
quickly removed to the wheel carriage 
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in the event the patient is to be trans- 
ported. The suspension sling is made of 
light netting which encircles a metal co- 


Fic. 3. Piano wire suspension for compound fractures of 
the metacarpal bones. 


aptation splint placed immediately below 
the line of fracture and is connected to a 
weight attached at the end of the rails. 

Traction is of the weighted type con- 
sisting of metal tubes each of which con- 
tains small pellets of lead for the application 
of graduated weight. The amount of pull 
on the arm is indicated on a scale inserted 
in the axis of the traction cord. When 
surface traction is used we have a prefer- 
ence for moleskin plaster which is more 
durable and adheres to the surface of the 
skin for a longer period without irritation. 
When skeletal traction is used we perfer 
the Kirschner piano wire or Steinmann 
pin, being careful to cover the skin with 
adesor or mastisol to avoid skin infection. 
It has been found that adhesive traction 
from three surfaces of the arm permits a 
stronger pull on the proximal fragment 
and, to insure an equal pull on all three 
strips of adhesive, we have designed a 
spreader that allows for frequent correction 
of the length of the adhesive strips and 
at the same time prevents slipping at the 
points of attachment. 

The proximal end of the rails is attached 
to a triangular pad of sponge rubber which 
conforms to the size and shape of the 
scapula. The pad securely attaches the 
end of the splint to the shoulder girdle to 
which it is attached by three leather straps 
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thickly padded with felt to prevent skin 
irritation. In addition to the straps, the 
superimposed body weight stabilizes the 
end of the splint and furnishes an excellent 
point of counter fixation. It also elevates 
the shoulder from the surface of the bed 
and brings it into the same _ horizontal 
plane with the abducted arm. 


FRACTURE OF THE CLAVICLE 


The frequent deformity of overriding 
and angulation at the point of fracture 
of the clavicle is due to insufficient traction 
and failure to obtain full abduction and 
extension at the scapulo-humeral joint. 
This is explained in most instances by the 
common practice of selecting the ambula- 
tory type of treatment in preference to 
the recumbent treatment in bed during 
the period of fibrous union. The mechanical 
disadvantages of trying to secure sufficient 
immobilization with the ambulatory treat- 
ment are too difficult to overcome when 
treating fractures of this bone. The T 
splints and clavicular crosses that are 
commonly used are either too loosely 
applied to maintain the corrected position 
for a sufficient time to obtain fibrous 
union, or they are too uncomfortable to 
endure when an attempt is made to hold 
the shoulder in full extension and eleva- 
tion. In such instances the patient usually 
demands its release for comfort and the 
rigid fixation of the shoulder is sacrificed 
to his wishes. 

With this experience in mind and sup- 
ported by better judgment in applying 
the true mechanical principles to correct 
and immobilize the deformity we have 
adopted the recumbent type of treatment 
during the period of fibrous union as it is 
the most comfortable and most efficient 
method of treatment that can be used for 
traction and immobilization of the arm 
over a period of time. The elevation of the 
shoulder is of importance and is obtained 
by placing the triangular pad beneath the 
scapula to insure extension at the shoulder 
joint while the arm is abducted above the 
right angle position. These mechanical 
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forces may be maintained for an indefinite 
period by means of the sliding suspension 
apparatus while the necessary nursing 
care can be attended to with the least 
discomfort to the patient. 

During the convalescent period x-ray 
examinations may be made as frequently 
as desired without fear of disturbing the 
traction. The apparatus is applied soon 
after the patient is admitted to the hospital 
and remains undisturbed through the period 
of fibrous union. When the repair of the 
fracture has been sufficiently established 
to prevent disengagement of the fragments, 
a plaster of Paris jacket with a minerva 
collar is applied and the patient allowed 
out of bed until bony union is complete. 
In exceptional instances a manual reduc- 
tion of the deformity is attempted under 
anesthesia and the plaster of Paris applied 
immediately thereafter. If the reduction 
is successful the plaster is continued during 
the entire period of healing. When the 
reduction is not successful the recumbent 
type of treatment is more desirable. 


DISLOCATION OF THE SHOULDER JOINT 


Following the reduction for a dislocation 
of the shoulder the sliding traction splint 
is applied with the arm in a position of 
abduction of 45° from the side of the body. 
This position is maintained for a week or 
ten days to permit normal repair of the 
torn capsule of the joint and during this 
period physiotherapeutic treatments can 
be administered without fear of redisloca- 
tion. In the event of a more serious injury 
consisting of a dislocation of the humeral 
head following a fracture of the neck of 
the humerus the treatment usually requires 
operative measures for the correction of 
the deformity. The period of immobiliza- 
tion following the operation in such in- 
stances is greatly facilitated by the sliding 
splint and skeletal traction on the humerus. 


FRACTURES OF THE UPPER END OF THE 
HUMERUS 


Fractures of the neck of the humerus, 
especially with some degree of displace- 
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ment of the head, are best controlled with 
traction in the axis of the shaft while the 
arm is abducted to right angles from the 
line of the body. This position forms a 
muscular sleeve about the joint and places 
the axes of the various muscles in one 
general plane which corresponds to the 
axis of the humerus. When the direction 
and force of the muscle action can be 
controlled the conditions are favorable 
for the reduction and immobilization of 
the fracture and there remains only the 
necessary period of bone healing to control 
the fragments. It is during this period 
that care must be exercised in the use of 
all forms of apparatus to avoid interruption 
of the traction forces which permit a 
malposition of the fragments and subse- 
quent deformities. Surface traction of 
moleskin adhesive is sufficient in the 
majority of cases and will remain firmly 
adherent to the skin surface during the 
entire period of fibrous union. In the 
event of a more serious deformity with a 
displacement of the humeral head suitable 
measures of a surgical character must be 


employed before the apparatus is used. 


FRACTURES OF THE GREATER TUBEROSITY 


Fractures of the greater tuberosity, 
which are chiefly due to indirect muscle 
violence, are best controlled with the 
arm in abduction and sufficient external 
rotation to permit complete relaxation 
of the muscles that have their insertion 
near the line of fracture. Injuries of this 
character require only suspension of the 
arm and forearm with enough traction to 
control movements and only in exceptional 
cases are surgical measures employed. 


FRACTURES BELOW THE TUBEROSITIES 


Fractures immediately below the tuber- 
osities of the humerus may sometimes 
be quite difficult to control because of the 
anatomical distribution of the muscular 
insertions at this level. When the line 
of fracture is above the insertion of the 
pectoral muscles and the latissimus dorsi 
the lower fragment is usually adducted 
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while the upper fragment is abducted and 
externally rotated. The reduction of this 
deformity makes it necessary to place the 
lower fragment in line with the upper one. 
The degree of abduction will necessarily 
be governed by the position of the upper 
fragment and will vary in individual cases. 
When the line of fracture is below the 
insertion of the muscles the upper portion 
of the bone may be adducted and firmly 
held to the side of the thorax while the 
lower fragment is pulled upward and out- 
ward producing a marked deformity. 
The correction of this type of fracture 
requires considerable traction to overcome 
the shortening, while the line of force 
must remain in the axis of the upper frag- 
ment. An increase in the angle of the 
deformity will develop if the angle of 
abduction of the arm is too great due to 
the adduction of the upper fragment and 
its fixation by strong muscular spasm. 

When surface traction is applied soon 
after the injury it is reasonable to expect 
that the deformity will be reduced. In 
some instances the axial force that is 
required to overcome the shortening may 
be very great and it may become necessary 
to resort to skeletal traction by the inser- 
tion of piano wire through the bone until 
the deformity is reduced. 


FRACTURES OF THE SHAFT 


Fractures through the shaft of the hum- 
erus are either spiral or transverse and 
are generally well controlled when traction 
is applied. When one is dealing with 
fractures of this type, however, the sus- 
pension sling at the point of fracture must 
be carefully controlled, and in some in- 
stances balanced with the traction force 
to prevent angulation. Fractures of the 
shaft, especially when they are commi- 
nuted, may require skeletal traction to 
insure adequate pull to overcome the 
deformity. A Steinmann pin or the Kirsch- 
ner piano wire through the olecranon 
process serves admirably for this purpose. 
In all instances the position of the shoulder, 
the position of the fracture and the position 
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of the traction must be in the same horizon- 
tal plane in order to maintain correct 
alignment of the skeletal fragments. Com- 
pound fractures that require daily dress- 
ings may easily be cared for with the 
sliding suspension apparatus without in- 
terrupting the traction and suspension 
forces acting on the bone. 


FRACTURES OF THE LOWER END OF THE 
HUMERUS 


Fractures of the lower end of the hu- 
merus and epiphyseal displacements that 
are so frequently met with in children are 
usually best treated by extreme flexion of 
the forearm on the arm. They can be 
suitably immobilized with cotton and 
gauze bandage and the arm held in place 
with a collar and wristlet. When one is 
dealing with compound fractures at this 
level, however, the arm must be suspended 
to facilitate the daily surgical dressings. 
To correct the deformity and immobilize 
the fragments under these conditions it 
is necessary to insert the piano wire through 
the bone. Fractures of the lower end of the 
humerus in adults are not as well controlled 
by the Jones’ position. Traction must 
therefore be applied to fix the fragments, 
which is best applied by inserting the 
wire through the olecranon process with 
the forearm held in a postion of semi- 
flexion. These fractures about the elbow 
may, in many instances, require operative 
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measures for their reduction and some 
form of internal fixation. In all such cases 
the postoperative care may be facilitated 
by using the sliding suspension apparatus. 
When full extension of the elbow is desired, 
as in the case of fracture of the olecranon 
process, the position of suspension and 
traction can be equally well maintained. 


FRACTURES OF THE FOREARM 


Simple fractures of the forearm do not 
require the recumbent treatment and are 
for the most part controlled by manual 
reduction and fixation in moulded plaster 
splints. Irreducible deformities may re- 
quire skeletal traction or open surgical 
operations in which case the suspension 
apparatus will serve only for immobiliza- 
tion or to facilitate the postoperative 
care. Severe compound fractures can be 
well controlled with the suspension splint 
in which the forearm can be flexed or 
extended and the daily dressings made 
with the least disturbance to the fracture. 

Fractures of the lower forearm and 
wrist joint do not as a rule require traction 
and suspension but are cared for to greater 
advantage by other surgical measures. 
Severe fractures of the metacarpal bones 
and fractures of the phalanges may require 
skeletal traction in which instance sus- 
pension of the flexed forearm and skeletal 
traction from above the line of fracture 
may be the most efficient form of treatment. 
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HE subject of cervical ribs is one 

which concerns the general practi- 

tioners because they are usually 
the ones whom the patients consult when 
the symptoms appear. It concerns the 
neurologists because there are usually 
symptoms pertaining to the nervous system 
of the extremity involved. It concerns 
the orthopedists because the symptoms 
are in one or both of the upper extremities. 
It concerns the industrial surgeons because 
trauma and strain frequently cause the 
onset of the symptoms. It concerns general 
surgeons because, if the characteristic 
symptoms are present, the relief is found 
in surgical treatment. 

The progress in medicine and surgery is 
slow and almost imperceptible. The reason 
for this is as follows. Some investigator 
or observer thinks he has made a discovery 
or has evolved a new thought concerning 
some subject in medicine or surgery. It 
takes some time for him to satisfy himself 
that he has a real contribution to add 
to the accumulated knowledge on the 
subject. Then he presents it to some 
medical or surgical association. His hearers 
return to their homes and hospitals and 
put into practice the new thought or dis- 
covery. In a few years they report their 
opinion, and if it is favorable, the new 
idea eventually finds its way into textbooks 
and is accepted as a valuable addition 
to the knowledge of the subject. The whole 
is a slow process and covers a period of 
several years. 

Dr. A. W. Adson! in 1926, a member 
of the Western Surgical Association, at 
its meeting in Duluth presented an entirely 
new conception of the cause of the symp- 
toms produced by cervical ribs when any 
Symptoms were caused. From the time 
cervical ribs had been discovered to 1926, 
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they had been looked upon as the sole 
cause of the symptoms. Dr. Adson pre- 
sented the new and rather startling idea 
that the scalenus anticus muscle and the 
width of its attachment to the first rib, 
were the principal factors in causing the 
symptoms, with the cervical rib as a 
secondary factor. 

Since I heard Dr. Adson’s paper, my 
observation and experience have convinced 
me that his conception as to the cause 
of the symptoms was correct, and my 
desire to record this opinion is my reason 
for presenting this subject here. 

While the rib was thought to be the 
sole cause of the symptoms, there were 
some puzzling questions concerning cer- 
vical ribs. Why did more patients with 
cervical ribs have symptoms in the right 
upper extremity, although there were 
more patients with cervical ribs on the 
left side of the neck? The cervical rib 
was a fixed structure. It did not enlarge 
or contract intermittently. Then why 
were there intermissions of complete relief 
from symptoms in some patients? If the 
cervical rib was the only factor involved 
why was it that the size or shape of the 
rib was no indication as to the presence 
or severity of the symptoms? Why was 
it that more than half of the patients 
with cervical ribs had no symptoms? 
Why was it that an injury or some heavy 
exercise of the muscles of the neck would 
frequently start the train of symptoms? 
Why was it that in most patients the 
symptoms did not begin till after the age 
of ten years, and in the majority of 
patients the symptoms began between 
the ages of twenty and thirty years? 

When we accept Dr. Adson’s idea of the 
scalenus anticus muscle as the primary 
factor in the cause of the symptoms, these 
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questions are easily answered. More pa- 
tients are right handed, and use the mus- 
cles of the right shoulder and right side 
of the neck, among them the scalenus 
anticus, more than those of the left side. 
There are intervals of complete remission 
of the symptoms in some patients because 
of the absence of strain on the scalenus 
anticus muscle. The size and shape of the 
rib are no indication as to the severity of 
the symptoms because they are only 
minor factors in the production of the 
symptoms. More than half of the patients 
have no symptoms because the scalenus 
anticus muscle does not compress the 
artery or nerves against the rib. Heavy 
exercise or injury to the muscles of the 
neck starts the train of symptoms because 
of the enlargement of the scalenus anticus. 
The symptoms being in most patients 
between the ages of twenty and thirty 
years because the greatest muscular devel- 
opment, including that of the scalenus 
anticus, is reached between these ages. 
Some observers in the past have vaguely 
sensed that the scalenus anticus muscle 
might be a factor, as is shown in their 
writings, but their attention was so cen- 
tered on the rib that none of them realized 
that the muscle was the principal factor. 
That brilliant surgeon, Dr. John B. 
Murphy,? committed the error of writing, 
“*As the cervical rib advances forward, it 
carries the artery and nerves against the 
unyielding muscle and severely compresses 
them.” After a second thought any one 
knows that no muscle is unyielding. It is 
the muscle that compresses the artery 
and nerves against the unyielding rib. 
Even so close an observer as Osler® failed 
to realize the importance of the scalenus 
anticus muscle as the principal factor in 
producing the symptoms. In 1910, he did 
not mention the muscle as a factor al- 
though he reproduced a cut from an article 
by W. W. Keen‘ which had under it the 
legend, “‘Subclavian artery passing over 
the rib. Note its high position, its angula- 
tion, and the likelihood of pressure by the 
scalenus anticus.” 


Collins—Cervical Ribs 


NoOvEMBER, 1931 


Dr. Archibald Church® pointed out that 
nervous symptoms associated with a cer- 
vical rib might be induced in an arm by 
traumatism and by muscular exertion but 
he did not call attention to any particular 
muscle. Dr. Church was also among the 
first authors to state that the patients may 
have intervals of complete relief from the 
symptoms. 

After many brilliant observers and 
painstaking investigators had overlooked 
the part that the scalenus anticus muscle 
had in producing the symptoms, Dr. 
Adson made the discovery and the West- 
ern Surgical Association should feel hon- 
ored that the discovery was made by one 
of its members. 

Dr. Adson raised the question as to 
whether the severing of the attachment of 
the lower end of the scalenus anticus 
muscle to the first rib might be sufficient 
to relieve the symptoms, and that the 
cervical rib need not be removed. If the 
symptoms are recurrent with long periods 
of freedom between attacks, it would seem 
probable that the muscle was the main 
factor in producing the symptoms and the 
severance of its attachment would be 
sufficient. If the symptoms are continuous 
and are gradually increasing in extent 
and severity, it is probably wise to remove 
the rib also. 

The following case history illustrates 
some of the points brought out in this 


paper. 

H. H., aged forty-six years, was a super- 
intendent of a manufacturing company and 
was seen on December 20, 1927. He complained 
of a dull pain that started in the middle of the 
back of his neck and traveled over to his left 
shoulder and down his left upper extremity. 
When present, the pain was continuous day and 
night. His left hand and arm tingled all the 
time and his left thumb was numb. He had had 
attacks of these symptoms for about twenty 
years. He usually had two attacks of these 
symptoms each year, but went one year with- 
out any. The symptoms lasted from three or 
four days to three or four weeks. Sometimes the 
pain was so severe that he was confined to his 
bed for a week at a time. 
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On further questioning, he said that about 
twenty years before I saw him, he was a 
machinist and worked at a lathe that required 
him to keep his head turned to the left for long 
periods of time during his working hours. Two 
or three days before the last attack began, he 
was working lying on his back for several hours 
under his automobile which put a strain on the 
muscles of his neck. At each attack he received 
much medicine and many applications of elec- 
tricity, diathermy, massage, hot baths, hot 
packs, etc., applied for a diagnosis of neuritis 
until the symptoms subsided. At the time he 
came under my care he was in a hospital 
receiving this treatment. 

Nothing abnormal could be felt in his neck. 
He said his left shoulder felt more comfortable 
when his left arm was raised. When he elevated 
his chin and turned it towards his left shoulder 
and took a deep inspiration of air there was a 
marked diminution in the left radial pulse. 
The same thing was true when he turned his 
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chin to the right under the same conditions but 
not to such a marked degree. 

An x-ray of the cervical spine revealed a 
supernumerary rib on each side attached to the 
seventh cervical vertebra. A diagnosis was 
made of bilateral cervical ribs, the left one only 
causing symptoms. This was the first case I had 
seen in which the symptoms came on in attacks 
with such long periods of relief between. 
Nothing significant was found in his family 
history, or in the laboratory findings. 

An operation was advised and accepted. On 
December 30, 1927, the left scalenus anticus 
muscle was severed from its attachment to the 
first rib, and for good measure I also removed 
the left cervical rib. I believe, however, that the 
severance of the muscle would have been 
sufficient and would have made the operation 
simpler and easier. The patient has remained 
free from the former attacks and symptoms 


since the operation. 
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AN APPARATUS TO REDUCE SHOULDER DISLOCATIONS* 
F. D. La RocHELLE, M.D. 


SPRINGFIELD, MASS. 


the muscle spasm is overcome and the 
capsule is put on a stretch when reduction 
takes place automatically. In textbooks 


N this country surgeons confronted with 
anterior dislocations of the shoulder 
usually resort to the Kocher method 


Fic.1. 


for replacement. This procedure is emi- 


nently satisfactory in a large proportion of 


instances; it is easy of performance, fairly 
free of danger and successful in all but a 
few instances. For reduction of dislocations 
by this method it is absolutely necessary 
to obtain complete relaxation of the mus- 
cles of the shoulder girdle and arm and 
this usually necessitates the use of an 
anesthetic. The busy surgeon will meet, 
from time to time, instances when an 
anesthetic is clearly contraindicated or 
when in spite of his best efforts, reduction 
cannot be effected, at least at the first 
attempt. Many surgeons under these 
circumstances will resort to open reduction 
with its evident disadvantage. It is in this 
type of case that the Stimson method is so 
satisfactory. This method consists in mak- 
ing continuous traction on the arm until 


this method is usually represented with 
the patient’s arm hanging down through a 
hole in the table with an attached weight 
and in the text it is advised to let the arm 
hang between two tables when a specially 
arranged one is not at hand; I never saw 
such a table and the inconvenience of 
making traction of an arm between two 
tables is obvious. 

The apparatus here described aims to 
improve on the perforated table; it is 
simple and can be made by a carpenter 
in an hour and it has given us so much 
satisfaction that we wonder if, in a greater 
percentage of instances, it might not be 
the procedure of choice, since no anesthetic 
is necessary and it demands a minimum of 
skill on the part of the operator. It consists 
of a board 10 in. wide and 7 ft. long with a 
braced upright board 12 in. high at its 
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middle with a hole large enough to admit 
the arm readily (7 in. diameter is usually 
satisfactory). The pulley is fixed at the end 
of the braced side. 

Method of Reduction: While not abso- 
lutely necessary, it is usually wise to give 
a narcotic to allay the patient’s fears. 
The board is passed under the mattress 
of a standard hospital bed and allowed to 
rest securely on the frame. A pillow is then 
placed between the patient’s body and the 
upright board and the arm passed through 
the hole and adhesive strips are applied 
in precisely the same manner as in applying 
a Buck’s extension to the leg. It must be 
remembered that the pull per square 
inch on the skin is inversely proportional 
to the number pulled upon, so it is best 
to have the strips extend well up the arm 
and at least 3 in. in width. These are then 
reinforced by circular strips above the 
wrist, at the middle of the arm and again 
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above the elbow and the whole arm band- 
aged securely. Since the traction necessary 
is considerable, it should be applied with 
great care. A cross piece is then attached 
to the adhesive strips and the cord passed 
over the pulley and the weight, preferably 
a bag filled with sand, attached. The 
weight will vary from one-tenth to one- 
twentieth of the body weight; one-tenth 
should never be exceeded and even this 
requires careful watching. With this trac- 
tion it usually takes between two and three 
hours to relax the muscles and put the 
capsule on a stretch with consequent 
reduction. With one-twentieth of the body 
weight it naturally takes somewhat longer 
but this is safer and does not require so 
much attention. The patient usually recog- 
nizes himself when reduction takes place 
and he will then ask to have the apparatus 
removed. Subsequent treatment is the 
same as after other methods of reduction. 
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E need more reliable information 
relative to the indications and con- 
traindications for spinal anesthesia 

as well as an accurate explanation of the 
vascular and respiratory collapse following 
the injection of anesthetizing substances 
into the subarachnoid space. If it were not 
for the alarming fall of blood pressure and 
respiratory failure occurring immediately 
or later following subarachnoid injections, 
spinal anesthesia would almost completely 
supplant general anesthesia. 

The cause of the acute loss of blood 
pressure has not been definitely proved, 
the assumption being that the tonic fibers 
of the vasomotor nerves are rendered 
functionless by the injection of the an- 
esthetizing agent. Apparently in most 
instances, a fall of blood pressure occurs 
before respiration is affected. In some 
instances, however, respiration decreases in 
depth before, the blood pressure falls; the 
latter occurring usually very soon after the 
beginning of respiratory collapse. Circula- 
tory collapse may occur from an acute loss 
of vascular tone, which in turn produces an 
acute ischemia of the medullary centers 
and myocardiums, resulting in functionless 
vasomotor and respiratory centers. When 
an acute respiratory collapse occurs first 
from spinal anesthesia there soon follows 
an acute loss of function of the entire 
medulla, resulting quickly in an acute 
loss of central or meduallary vasomotor 


function. Under similar circumstances if 


there is a sudden loss of blood pressure 
primarily, there soon follows an acute loss 
of thoracic respiration. Death, therefore, 
may occur from an acute ischemia of the 
medullary centers following a loss of blood 
pressure, which may follow or precede an 
acute ischemia of the heart muscle. If a 


CARBON DIOXIDE AS AN ADJUNCT TO SPINAL 
ANESTHESIA * 
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substitute for an ischemic heart could be 
furnished during this emergency, perhaps 
an ischemia of the medullary center could 
be prevented. 


BLOOD PRESSURE 


Blood pressure is maintained by (1) 
myocardial and (2) arterial tone against 
(3) capillary resistance and (4) an ample 
volume of blood furnished to the heart. 
Blood pressure may be lowered by a loss of 
any one or all of the four factors in main- 
taining it. Myocardial tone is maintained 
by muscle fibers, an ample blood supply 
and a stimulation from sympathetic nerve 
fibers, assisted by resistance from blood in 
the arteries and capillaries. Arterial and 
capillary tone is maintained by myocardial 
contractions, blood volume, blood quality, 
capillary resistance and stimulation from 
vasoconstrictor nerves. The greater volume 
of blood furnished to the heart depends 
mainly upen respiration and venous to- 
nicity. It is evident, therefore, that blood 
pressure is influenced mostly, pari passu, 
by the vasomotor system influencing the 
tone of the myocardium, the arteries and 
the contractile fibers of the capillaries. 
This arterial tone is assisted greatly by an 
ample blood supply to the myocardium and 
an ample blood volume to the myocardial! 
cavities which in turn is brought about 
mostly by expansion of the thorax and 
contraction of the lungs. Thoracic respira- 
tion, therefore, is a vital factor in maintain- 
ing an ample volume of blood, which must 
be present in the heart to prevent myo- 
cardial ischemia and a loss of arterial tone. 


THORACIC RESPIRATION 


Thoracic respiration depends upon an 
accumulation in the blood of carbon 
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dioxide, which stimulates the respiratory 
center in the medulla and which in some 
unknown manner stimulates only the motor 
nerves of the diaphragm and intercostal 
muscles. Why all motor nerves are not 
stimulated may be due to a phylogenetic 
lack of necessity. The motor nerves of 
respiration are the phrenics and _inter- 
costals, all spinal and supplying voluntary 
musculature. Respiration is of voluntary 
and involuntary types and any normal 
animal may voluntarily increase its ampli- 
tude and rate of respiration until acapnia 
(Henderson’s phenomenon) occurs. This 
same animal, however, cannot voluntarily 
cease respiration until death occurs. In 
other words, thoracic respiration is in- 
voluntary up to a certain degree of an 
accumulation of oxygen and carbon dioxide 
in the blood. Thoracic respiration ceases (1) 
when the respiratory center is rendered 
functionless, (2) when the motor nerves, 
phrenics and intercostals are blocked, 
paralyzing the diaphragm and intercostal 
muscles. Not infrequently the main roots 
of the phrenic nerves originate within the 
thoracic portion of the cord. In many 
instances novocaine interferes with the 
normal function of motor as well as sensory 
nerves and when ascending the subarach- 
noid space, the motor nerves of the 
intercostal muscles may be blocked and 
if the phrenic nerves have an intrathoracic 
origin, they may also be involved. In case 
the spinal intercostal motor nerves only 
are blocked, a partial peripheral respiratory 
paralysis results; and in case the phrenic 
motor nerves are blocked in addition to 
the intercostals, a complete peripheral 
thoracic respiratory paraly sis results. 
Thoracic respiration, therefore, is 
brought about by a functioning respiratory 


center in the medulla and a contraction of 


the intercostal and diaphragmatic muscles 
through a stimulation of the phrenic and 
spinal intercostal nerves. The introduction 
of subarachnoid anesthesia, therefore, may 
produce (1) a primary acute loss of blood 
pressure by an interference with splanchnic 
vasomotor nerves, which results in an acute 
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medullary and myocardial ischemia, or 
(2) a primary block of the phrenics and 
intercostal spinal nerves which produces a 
paralysis of the muscles of thoracic respira- 
tion. These two most serious complications 
of spinal anesthesia may precede or follow 
each other and also occur simultaneously. 

Respiratory collapse, therefore, occurs 
either from a medullary ischemia or a block 
of the respiratory thoracic nerves and 1 
both instances is always followed by an 
acute loss of blood pressure. Vascular 
collapse and respiratory collapse, therefore, 
always precede or follow each other or 
occur simultaneously. When a_ primary 
block of the motor nerves of thoracic 
respiration occurs, the only useful form of 
treatment is an artificial inflation of the 
lungs, an artificial rise of blood pressure 
here having absolutely no influence on the 
restoration of respiration. When an acute 
vascular collapse occurs without a block 
of the respiratory motor nerves, an acute 
rise of blood pressure is therapeutically 
indicated. This will restore a blood supply 
of the vasomotor as well as the respiratory 
center which in turn will result in a stimula- 
tion of the intercostal and phrenic nerves. 
When we have occurring simultaneously a 
loss of vasomotor vascular tone and a block 
of the motor nerves of respiration, we have 
urgently indicated simultaneously a thera- 
peutic application of artificial respiration 
and a restoration of blood pressure. 

An interesting phenomenon is_ that 
respiratory and cardiac rates do not in- 
crease as the blood pressure falls, which is 
contrary to shock and hemorrhage. It 
undoubtedly is due to an acute ischemia 
of the respiratory center and myocardium, 
resulting in an acute loss of function. 


EFFECTS OF CARBON DIOXIDE 


The vasomotor center requires carbon 
dioxide to stimulate the respiratory nerves, 
phrenics and intercostals. Why it does not 
stimulate all motor nerves is interesting, 
probably due to a phylogenetic exclusion 
from lack of necessity. When we have an 
excessive ventilation (acapnia), we have 
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resulting a fall of blood pressure due to 
an inhibition of the vasomotor center and a 
dilatation of the vessels in the splanchnic 
area. This fall of blood pressure can be 
restored by administering carbon dioxide. 
When air containing 3 per cent of carbon 
dioxide gas Is inspired, an increased depth 
of respiration occurs during rest and exer- 
tion. When 4 per cent is administered, the 
pulse rate increases and the blood pressure 
rises and when raised to 10 per cent, head- 
aches and mental confusion occur. With 
higher percentages the heart rate decreases, 
the blood pressure temporarily rises but 
soon falls with the cessation of respiration. 
Ischemia of the brain and medulla is 
secondary in spinal anesthesia to splanchnic 
loss of tone, which produces also myo- 
cardial ischemia and a loss of myocardial 
contraction, leaving the heart as a hollow 
tube. If respiration can be made to continue 
a circulation of blood, it may be suflicient 
to carry the patient over an acute emer- 
gency. It was this thought in mind which 
induced me to use CO, during the time of 
spinal anesthesia and, if necessary, for 
several hours following, feeling that if 
respiration could be made to continue the 
thorax would act as a temporary heart 
providing that the motor nerves of respira- 
tion were not blocked. Five to 10 per cent 
carbon dioxide in oxygen is administered 
through inspiration, as a vasomotor and 
respiratory tonic, the patient receiving 
instructions as to the reasons for it. Con- 
stant blood pressure readings are recorded, 
which show a higher average blood pressure 
than when carbon dioxide is not admin- 
istered. In 2 cases, however, the blood 
pressure disappeared completely with 
imperceptible heart sounds, but respira- 
tion continued. For about four minutes in 
each instance the respiratory excursion 
were apparently sufficient to keep up 
enough circulation for vital purposes with- 
out any assistance from the myocardium. 


CaseE1. Male, aged sixty-nine, was explored 
for a small obstructing carcinoma of the 
pylorus. Ten minutes after the injection of .2 
gm. of novocaine beneath the arachnoid, the 
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blood pressure and myocardial contractions 
could not be determined. The respiratory 
excursion, although reduced about 30 per cent, 
continued under the administration of 5 per 
cent carbon dioxide in oxygen and in about 
three to four minutes, after an intravenous 
injection of 5 drops of adrenalin 1—1000 solu- 
tion, the blood pressure started upward reach- 
ing 75 systolic and 40 diastolic where it re- 
mained until the exploratory operation, which 
lasted fifteen minutes, was completed. This 
patient had 6 drops of adrenalin given hypo- 
dermically just previous to the injection of 
.18 cg. of novocaine beneath the arachnoid. 
In this instance the Trendelenburg position 
was not used at any time. 


Case 11. A woman, aged forty-two, with 
fibroids of the uterus received .16 gm. of 
novocaine under the arachnoid through the 
space between the second and third lumbar 
vertebree. The blood pressure oscillated from 
120 systolic and 86 diastolic to 70 systolic 
and 32 diastolic for about fifteen minutes and 
then disappeared and remained absent for 
ten minutes with a very feeble heart beat which 
was practically imperceptible. The head was 
lowered, before the incision was started, to 
the average pelvic operative position and 
remained there until the operation was com- 
pleted twenty minutes later. Immediately after 
the acute vascular collapse, adrenalin, intra- 
venously, failed to raise the blood pressure 
for five minutes after its administration. 
Carbon dioxide in oxygen was administered 
continuously during the operation which kept 
up the respiratory excursion and in turn 
carried on the necessary circulation of blood. 

Both of these patients received 5 to 10 per 
cent carbon dioxide in oxygen from the time the 
novocaine was injected until the end of the 
operation. Since the adoption of carbon dioxide 
as an accessory, the head of the patient has not 
been lowered below the horizontal position, 
excepting in operations upon the pelvis. This 
has facilitated surgery of the abdominal cavity, 
which is not true with the Trendelenburg 
posture. 


CONCLUSIONS 


1. Spinal anesthesia produces respira- 
tory failure in two ways, viz.:(1) a paralysis 
of the motor nerves of respiration; (2) a 
paralysis of the vasomotor nerves of the 
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splanchnic area which results in a loss of 
blood pressure followed by a myocardial 
and medullary ischemia. 

2. Carbon dioxide 5 to 10 per cent in 
pure oxygen Is a valuable adjunct in spinal 
anesthesia when the motor nerves of 
respiration are not paralyzed. It assists 
in maintaining blood pressure in most 
instances and in maintaining the circula- 
tion of the blood when the heart contrac- 
tion ceases from myocardial ischemia due 
to an acute loss of blood pressure. 

3. If a paralysis of the motor nerves of 
respiration occurs, only artificial respira- 
tion can be of service followed secondarily 
by vasoconstrictor stimulation. If a paraly- 
sis of the splanchnic vasomotor nerves 
occurs primarily, vasomotor tonics are 
indicated to relieve the myocardial and 
medullary ischemia. 

4. The armamentarium of the spinal 
anesthetist should consist of an apparatus 
for artificially insufflating the lungs with 
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oxygen and carbon dioxide and a vaso- 
constrictor such as adrenalin. 

5. The complications of spinal anesthesia 
are too great for the surgeon to care for 
during the operation. They require a 
special anesthetist who has a knowledge 
of the causes of respiratory and vascular 
collapse and who has the means and meth- 
ods of handling them successfully. 

6. In place of doing away with an anes- 
thetist, spinal anesthesia requires one of 
greater training, due to the greater fre- 
quency of serious complications. 

7. The spinal anesthetist must keep 
constantly in mind that respiratory col- 
lapse may be of central or peripheral 
origin, e.g., a functionless medulla ob- 
longata from ischemia or a block of the 
motor nerves of thoracic respiration. He 
must also keep constantly in mind that a 
sudden vascular collapse or loss of blood 
pressure may be of central or peripheral 
origin. 


ASE 1. Santa Rosa Hospital, San 
( Antonio, Texas. 

Mrs. M. H., married, aged twenty; 
height 5 ft. 2 in.; weight 140 lb. Previous history 
negative. Towards the end of her first preg- 
nancy, she developed a severe eclampsia. 

The first seven months passed without 
event, when she noticed her feet and ankles 
beginning to swell. During this time she was 
not under a physician’s care. 

Twenty-six days before expected delivery, she 
became sick and on the following morning had a 
convulsion and a physician was called, who 
advised her removal to a hospital. She became 
worse, and by 5:30 p.m. she had had fifteen 
convulsions and it was decided to deliver her 
by cesarean section. 

The operation consumed about thirty min- 
utes’ time. During the operation she had three 
more convulsions and was so comatose that the 
operation was done under local anesthesia. 
A living baby weighing 6 lb. was delivered but 
died within twenty-four hours. 

Thirty-three postoperative convulsions were 
recorded from 6:40 P.M. until 11 A.M. the 
following day, totaling nearly fifty from the 
time of onset. The shortest lasted one and 
one-half minutes, the longest about three 
minutes. The intervals varied from twenty 
to sixty minutes. 

Temperature upon admission was 100°F.; 
pulse 108; respiration 28. The first two days 
postoperative she had moderately high tem- 
peratures, the maximum being 103.6°F. No 
convulsions are recorded after 11 A.M. the 
second day. By 4 p.m. the third day, her 
temperature had returned to normal. Twenty- 
four hours later the temperature again rose, 
fluctuating from 99 to 100.4°F. and continuing 
so until the end of the ninth day, when it again 
became normal and she left the hospital per 
ambulance. 

About three months after being discharged 
she became pregnant again. The date of 
expected delivery was November 10, 1929. 


Santa Rosa Hospital (Mrs. M. H., second 
admission). 


RUPTURE OF UTERUS FOLLOWING CESAREAN SECTION* 
F. A. Van BureEN, M.D. 


SAN ANTONIO, TEXAS 


Her condition was quite normal during the 
second pregnancy up to October 27. 

About 2:30 on the morning of October 28, 
she began having pains suggestive of beginning 
labor, and was taken to the hospital. 

From 3:30 A.M. to 1 A.M. the following 
morning the patient had only slight pains last- 
ing thirty to forty seconds at intervals of ten to 
fifteen minutes. At 1:45 A.M., when she began 
suffering severely, there was a slight bloody 
vaginal discharge; but at 3 a.M. she became 
more comfortable and rested well the remainder 
of the night. 

At 8:30 in the morning, she was very sensi- 
tive over her entire abdomen and more espe- 
cially in left lower quadrant, and had a very 
anxious facial expression. 

A cesarean section was decided upon but the 
diagnosis of uterine rupture had not been made. 
We considered rupture a highly probable out- 
come if labor continued. . 

Upon opening the abdominal cavity, we 
found it to contain free blood and clots. We 
saw at once that the uterus had ruptured or 
yielded in the line of the old scar. The mem- 
branes were intact and contained the baby and 
fluid. 

The uterine incision was upon the anterior 
surface of the uterus. It had yielded a distance 
of perhaps two-fifths its length. The edges 
were somewhat roughened and delicate fila- 
ments of fibrous tissue and fibrin extended 
across the upper and lower angles. The wound 
was quite easily enlarged to its full original 
length by fingers without the use of imstru- 
ments. Through this opening the child was 
delivered. 

The placenta was a posterior implantation; 
the baby was dead; and evidently had been 
for several hours as blebs had already formed 
on* parts of the skin. The cord seemed short 
and was twice about the neck. The child jwas 
a fully formed, well-developed baby of probably 
7 to 714 Ib. 

The uterine wound was closed by three 
layers of chromic catgut and the abdominal 
wound by the usual layer method with cigarette 


*Submitted for publication February 14, 1931. 
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drain in the lower angle. The time consumed 
was about thirty-five minutes. She left the 
operating table in good condition. The patient 
had a stormy convalescence but left the 
hospital on the thirteenth day. She continued 
her convalescence at home. 

Briefly, the signs of rupture of the uterus are 
a crisis of agonizing pain, then cessation of 
pains and collapse of the patient. This woman 
continued to have pains up to the time of going 
to the operating room and there were no 
symptoms of collapse or even mild shock. 


The striking thing to me about this case 
was the seeming little force required to 
produce rupture. 

Concerning rupture of the uterus, the pre- 
disposing conditions are: infection in the 
uterine incision; faulty closure; location of 
the incision. Contributing factors are: mal- 
presentations; abnormally large baby; 
hydrocephalus; resistance to the oncoming 
head; and contracted and deformed pelvis. 

It is now generally agreed that when 
cesarean cases run a postoperative febrile 
course, it is fair to assume there has been 
infection in the uterine incision, resulting 
in faulty healing. For a long time it was 
thought the uterine incision healed by scar 
tissue formation whether infected or not; 
but Williams pointed out that only when 
proper healing resulted was there regenera- 
tion of muscle tissue. He showed this by 
histological sections taken from incisions 
where proper healing had resulted. 

Imperfect healing may result in union 
by scar tissue or partial muscle regenera- 
tion and partial fibrous union. In both 
instances, the scars are weak and may 
result in rupture when subjected to the 
strain of labor. 

Reviewing the postoperative record in 
the first case, we find this patient had 
fever until 4 p.m., the third day, when it 


temporarily became normal. This probably 
was a continuation of the fever caused by 
eclampsia. The second rise, continuing for 
the remaining six days 


in hospital, was 
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probably due to the infection in the uterine 
incision. 

For suturing the uterine wound, many 
European surgeons believe silk is the better 
material to use, while American surgeons 
largely favor an absorbable material such 
as chromic catgut. Suturing in tiers as 
introduced by Sanger is undoubtedly the 
best method. 

A high incision undoubtedly results 
more often in a weak wound and subse- 
quent rupture than the low cervical. The 
technical difficulties in doing the low 
operation may be greater to some than the 
classical. Reports show that there is less 
danger of subsequent rupture in the low 
cervical operation. 

Symptoms of rupture vary. In some 
instances there may be the classical signs 
of rupture. These are usually the cases 
rupturing during the early stages of labor. 
If the uterus survives the assult of begin- 
ning labor, women are delivered in many 
instances without rupture. Cases are re- 
corded where women after cesarean section 
have gone through two normal deliveries to 
havethe uterus rupture at the third delivery. 

Rupture may occur spontaneously at 
any time during pregnancy, in some cases 
without pain or warning. If during the 
early months, the symptoms are more 
those of a ruptured ectopic pregnancy. 
The early rupture cases have a lower 
mortality than those rupturing during the 
latter months. 


CONCLUSIONS 


All cesareanized women having a history 
of a postoperative febrile course are 
potential rupture cases and should have 


extra watchful care during the entire 
course of a subsequent pregnancy. 

A weak scar may result from faulty 
healing without infection; but in the 


instance reported here, we feel the cause 
was from infection in the former uterine 
incision. 


A CCORDING to the reports in cur- 


rent literature, gas gangrene is 

becoming more and more prevalent 
in civil life. Weintrob and Messeloff! 
record 85 cases in civil practice in which 
B. welchii was found to be the predominat- 
ing organism. Forty of these cases were 
characterized by gas bacillus infection 
in the extremities, the mortality of which 
was 50 per cent. The mortality in the total 
series of cases was 45.9 per cent. The 
increase in the number of gas bacillus 
infections is no doubt due to the increasing 
incidence of severe injuries resulting from 
the automobile and the highly developed 
mechanical age in which we live. This 
increase is associated, however, with a 
better understanding of the condition 
itself and the necessity for prompt meas- 
ures to prevent fatal termination. 

Forney? states that the motor vehicle 
deaths in 1929 numbered 31,500. The 
approximate death rates per 100,000 
population and per 100,000 cars from 1918 
to 1929 are as follows: 


Deaths per 
100,000 
Cars Registered 


Deaths per 
100,000 
Population 


ee 9.6 158 
11.6 117 
15.8 102 
16.8 98 
19.5 101 
23.0 107 


It has been the experience of the 
Metropolitan Life Insurance Company® 
that approximately one-third of the acci- 
dental deaths reported are due to auto- 
mobile fatalities. According to _ this 
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company in 1929 the 31,500 deaths which 
occurred through the agency of the auto- 
mobile were accompanied by nearly one 
million more or less disabling injuries. 

Etiology: Clostridium welchii Bacillus 
aerogenes-capsulatus,* Bacillus phlegmo- 
nes-emphysematosae (Fraenkel), Bacillus 
perfringens, (Veillon and Zuber) for many 
years was believed to be practically the 
only species which could produce gas in 
the tissues. The organism is found in the 
intestines of man and animals and is 
widely distributed. Later researches have 
shown that while B. welchii or Bacillus 
perfringens may represent the most impor- 
tant specific microorganism involved in 
gas gangrene mention should be made of 
other organisms. 

Vibrion septique (Bacillus septicus 
[Arlomg and Mace] or the malignant 
edema bacillus of Koch) was first isolated 
by Pasteur from the blood of animals 
dead from anthrax. According to Weinberg 
and Sequin® this organism was definitely 
isolated thirteen times during the War. 
Vincent® claims that Vibrion septique is 
found in 10 per cent of cases of gas bacillus 
infection. 

It is believed by most bacteriologists, 
especially the French, English, and Amer- 
ican, that Koch isolated an organism which 
corresponds to the Bacillus sporogenes of 
Metchnikoff, although many German 
bacteriologists still feel that Koch’s organ- 
ism represented the true bacillus of malig- 

nant edema. Other gas producing organisms 
which are not usually regarded as frequent 
causative factors, but rather as associated 
with B. welchii are B. novyi (B. 
edematiens) and B. histolyticus. It Is 
thought, however, that B. welchii perhaps 
may be found now and then. The other 
gas producing organisms mentioned here 


* Read before the Ninth Annual Convention of the American Society of Clinical Pathologists, Detroit, June 
20, 21 and 23, 1930. 
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may be found in association with B. novyi 
but whether they are important as causa- 
tive factors is open to question. 

Accompanying B. welchii or other anaer- 
obes, facultative anaerobes may be pres- 
ent, such as  B. proteus vulgaris, 
streptococci, staphylococci and _ other 
forms. 

Bacteriological Diagnosis: The organism 
may be obtained both by smear and by 
culture. Blood cultures are usually negative. 
Cultural and microscopical observations 
should be confirmed by results of animal 
inoculation. Smears from the lesion as well 
as from the culture, if positive for B. 
welchii, will show large, gram-positive, rod- 
shaped organisms. During the War the 
following routine was carried out in the 
laboratories as a presumptive test by 
cultural methods: tubes of litmus milk 
previously boiled to drive off oxygen are 
inoculated with tissue or material from the 
wound and after incubation for a period of 
from twelve to seventeen hours, if B. 
welchii is present, the cultures will be 
characterized by acidity, coagulation and 
excessive gas formation. Smears from such 
cultures show the thick, gram-positive, 
B. welchii rod. In obtaining cultures 
some of the necrotic tissue should be 
secured directly from the localized area 
either by means of a sterile aspirator or a 
sterile swab. This should be inoculated into 
freshly prepared medium and incubated 
under anaerobic conditions. Hibler medium 
or fresh meat extract broth fairly alkaline 
in reaction and containing 1 per cent 
dextrose, may be employed. The medium 
should be covered by a layer of sterile, 
liquid petrolatum to insure anaerobic 
conditions. After six to eight hours’ 
incubation, the appearance of gas bubbles 
points to the presence of B. welchii or 
other anaerobic gas-producing organisms. 
B. welchii is probably the strongest gas- 
producing organism of the group. 

Habitat of Gas Bacilli: It is believed that 
B. welchii and Vibrion septique naturally 
inhabit the alimentary canal of man and 
animals sp. B. welchii may be isolated with- 
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out difficulty from garden soil and from pol- 
luted streams. Gage’ has observed gas 
bacilli in wool and is of the opinion that 
these organisms are found especially in 
woolen goods. It is apparent that gas 
bacilli can exist in the body for a consider- 
able period without gas formation and 
under certain conditions quickly resume the 
capacity to form gas and destroy tissues. 

Hendry reports 4 cases in 2 of which the 
onset of acute gas gangrene was almost 
ten years after the initial wound. The 
author suggests that in these cases there 
were foci of gas bacilli of low virulence 
which remained latent in the muscular 
tissues until conditions favored their 
development. 

Two important conditions, devitalized 
tissues and absence of oxygen, favor the 
rapid growth of gas bacilli. Lack of 
oxygen in tissues damaged by trauma or 
by interference with the blood supply 
favors the rapid growth of the organisms 
with gas formation and toxin production. 
It is possible that the presence of calcium 
exerts a favorable influence upon the 
growth of these anaerobes. If such is the 
case, the calcium resulting in_ tissues 
from shattered bone is possibly conducive 
to the development of the gas bacillus. 

Symptoms: The important sign of gas 
gangrene Is crepitation due to the presence 
of gas in the tissues. The area is at first 
usually localized and accompanied by 
inflammation and swelling. Extension ap- 
parently occurs by continuity. If an open 
wound is present, a foul, “mousy” odor 
may be observed. The patient usually 
exhibits profound symptoms of toxemia, 
becomes stuporous with rapid pulse and a 
rise of temperature. According to Tenopyr® 
extreme pain and unusual acuteness of 
intellect are important early suggestive 
symptoms. History of the injury should 
always be carefully considered. The diag- 
nosis may be confirmed bacteriologically 
by recognition of the anaerobic organisms 
and clinically by the results of surgical 
treatment and the administration of gas 
gangrene antitoxin. 
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Antitoxin: During the early period of 
the World War the toxin of B. welchii was 
studied with particular care by Bull and 
Pritchett" and by DeKruiff and Bollman."! 
It was determined that most strains of this 
organism produce true toxin when grown 
in special culture media. The specific 
action of the toxin could be demonstrated 
by necrosis of the muscle when injected 
into the pigeon. Bull and Pritchett’s 
work in the Base Hospital laboratories at 
the front and later at the Rockefeller 
Institute resulted in the development of 
specific antitoxin. 

Wallace’? presents an interesting case 
report of acute B. welchii infection which 
developed in an individual who received 
several contusions and lacerations of the 
right arm which was run over by a truck. 
The patient was operated on the day 
following the injury, tentative diagnosis of 
gas bacillus made, and on the same day 
perfringens antitoxin treatment was insti- 
tuted. This patient received a total of four 
doses of 500 units of perfringens antitoxin 
and recovered without amputation. 

Probably no therapeutic antiserum is 
capable of producing more spectacular 
results than gas gangrene antitoxin provid- 
ing that it is used in conditions in which it 
is specifically indicated. The reason for 
this depends chiefly upon the fact that 
severe infection with the gas gangrene 
bacillus (B. welchi, B. perfringens, B. 
aerogenes-capsulatus), and less frequently 
with Vibrion septique, is accompanied by 
profound toxemia and prostration. 

Duval and Vaucher"™ reported favorably 
upon the prophylactic value of an antigas 
gangrene serum prepared from B. welchu 
and the bacillus of malignant edema. 
The mortality rate was reduced from 16 to 
3.5 per cent. Van Beuren™ reported the 
successful prophylactic use of antigas 
gangrene serum among the British and 
American forces during the latter part of 
the War. 

In civil practice the use of antigas gan- 
grene serum, both as a prophylactic and as 
a curative, is of importance. It is a well 
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recognized fact that favorable results 
usually follow the prophylactic dose of 
antigas gangrene serum and tetanus anti- 
toxin.'® It is not difficult to appreciate the 
importance of antigas gangrene serum 
when one realizes that the organisms 
naturally inhabit the alimentary canal 
and that in diseases in which there is 
contusion or injury to the pelvic and 
peritoneal cavities there is danger of 
liberation of the specific toxins of these 
anaerobic bacteria. Not only in abdominal 
lacerations and accidents involving the 
pelvis and pelvic cavity, but in all injuries, 
especially those in which crushing of the 
bone occurs, there is always danger of 
infection with gas bacillus. 

Among the difficult and dangerous 
complications of acute intestinal obstruc- 
tion or of peritonitis is paralysis of the 
intestines. The treatment of this condition 
has been unsatisfactory. Williams,'® Bower 
and Clark" and others, as a result of their 
studies, believe that there is proliferation of 
B. welchii and other anaerobes in the 
contents of the small intestine of patients 
with acute obstruction and _ peritonitis. 
Molesworth" regards such clinical reports 
as without sufficient basis and sounds a 
note of caution. The results of the labora- 
tory experiments of Oughterson and 
Powers” do not lend support to Williams’ 
work. However, there is accumulating 
evidence showing the presence of the 
specific B. welchii toxin in such conditions 
and the reports from those who have 
studied this condition and used antigas 
gangrene serum appear to show promising 
therapeutic results. Sailer, Laws and 
Eiman,” of the Presbyterian Hospital, 
Philadelphia, have described an interesting 
case of fatal infection of the intestine with 
B. aerogenes-capsulatus (B. perfringens, 
B. welchii). 

Kling?! reports 4 cases of gas bacillus 
infection resulting from traumatic injuries. 
In these 4 cases, two of which terminated 
fatally, normal horse serum was used in 
conjunction with the usual surgical treat- 
ment. As a result Kling has concluded 
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that normal horse serum appears to possess 
a detoxicating action in the presence 
of gas bacillus infection although from the 
results of his laboratory studies it was 
shown that normal horse serum exerts no 
influence in the neutralization of B. welchit 
toxin. The author believes that normal 
horse serum possesses some power to 
exert an unspecific destructive action on 
the toxin which is thermolabile and is 
very sensitive to the reaction of the me- 
dium in which it is found. Kling suggests 
the use of 50 to 100 c.c. of normal horse 
serum for the treatment of gas bacillus 
infection if the specific antitoxin cannot 
be obtained. For routine treatment he 
recommends the use of gas gangrene anti- 
toxin and with the concentrated product 
suggests a dosage of 10 to 20 c.c. 

Standardization of the Antitoxin: The 
unit of perfringens antitoxin according to 
the requirements of the National Institute 
of Health represents that amount of anti- 
toxin which protects a 350 gm. pigeon 
against one test dose of toxin for a period 
of twenty-four hours. This is accomplished 
by injecting one test dose of toxin and 
approximately one unit of the antitoxin 
in question. The test dose of toxin is 
that amount of toxin which kills a 350 
gm. guinea pig in the presence of one 
unit of a standard antitoxin which is 
furnished by the National Institute of 
Health. 

No official means of a standardization of 
Vibrion septique antitoxin is at present 
available, but the following method may 
be used: varying amounts of antitoxin are 
mixed with one minimum lethal dose of 
toxin per kilogram of rabbit. This mixture 
is incubated at 37°c. for thirty minutes. 
The mixture is then injected intravenously 
into rabbits which are held under observa- 
tion for twenty-four hours. The potency 
of the antitoxin is measured by the 
neutralization of one minimum Iethal dose 
of toxin per kilogram by the smallest 
amount of antitoxin which will protect. 
One unit may be regarded as that amount 
of antitoxin which will neutralize 100 
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minimum lethal doses of toxin per rabbit 
kilogram. 

Variety of Clinical Conditions in Which 
Gas Bacillus Infection May Be Found: 
Compound Fractures: As_ stated by 
Boland”? gas gangrene may be regarded as 
perhaps the most serious complication 
of compound fractures. In 80 cases, negro 
patients, treated at the Grady Municipal 
Hospital, Atlanta, from 1922-1929, I9 
per cent developed gas gangrene. Among 
the 97 cases of compound fractures in white 
patients, 7 per cent developed gas gangrene. 
In the first group, negro patients, there 
were 11 males and 4 females with ages 
ranging from five to fifty-two years. The 
mortality rate was 40 per cent. Thirteen of 
the fractures in those cases which devel- 
oped gas gangrene were of the lower 
extremity which coincides with other 
reports in the literature, tending to show 
that a larger number of cases of gas gan- 
grene develop in fractures of the lower 
extremity. In the series of 15 cases pre- 
sented by Boland, the bacteriological 
findings were recorded as follows: 6 cases, 
presumptive positive diagnosis of B. 
welchtt by smear only, 7 cases identified 
as B. welchii by culture, 1 case, B. welchii 
recovered from inoculated animal, 1 case, 
cultured, negative. 

Johnson* describes a typical case of 
gas gangrene resulting from a compound 
fracture of the lower left tibia and com- 
minuted fracture of the upper left fibula. 
The fracture occurred on January 9 and 
the patient appeared to be making satis- 
factory progress. On the morning of the 
18th, a discolored area appeared over the 
break and crepitus was observed; a circular 
amputation was performed on the same 
day and culture made at the time of 
amputation resulted in the growth of B. 
welchii. 

Clifton’ describes a case of compound 
fracture of the lower ends of the right 
ulna and radius. In this case, a boy of 
thirteen, symptoms of gas gangrene were 
noted on the day following the fracture and 
a guillotine shoulder joint disarticulation 
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was done eighteen hours after the injury. 
B. welchii was obtained from the wound. 
This patient who made a recovery was 
apparently favorably influenced through 
the use of perfringens antitoxin as the infec- 
tion had extended above the operative field. 
In Kling’s report?! 3 of the 4 cases pre- 
sented had suffered compound fractures. 
The bacteriological work was evidently 
done with great care including not only 
smears and cultures, but animal inocula- 
tion as well. The findings in the 3 cases of 
compound fracture were as follows: 


Case 1. B. welchii and gram-positive 
coccl. 

Case ul. B. welchii. 

Case 1. B. welchii and B. edematiens, 


(B. novyi), the former predominating. 

Brickner and Milch®> describe 2 fatal 
cases of gas bacillus infection resulting 
from compound fractures. From the first 
case, B. welchii and B. tetani were isolated. 
Cultures from the second revealed B. 
welchii. 

Gas Gangrene of the Extremities: Many of 
the cases reported refer to infection of the 
extremities. Seven cases were reported by 
Larson and Pulford.** The nature of the 
accidents and bacteriological findings in 
these cases was as follows: 


Case 1. Left hand injured by the sprocket 
wheel and chain of a tractor while patient was 
plowing a muddy, fertilized field. B. welch 
observed in smear. 

Case 11. Compound dislocation of the left 
ankle caused by a fall from a tractor while 
patient was plowing. B. welchii and Staphylo- 
coccus albus present in cultures. 

Case. Right elbow crushed against stone 
wall in automobile accident. B. welchu and 
Staphylococcus albus present in culture. 

Case tv. Right hand injured in 
cleaner. B. welchii present in culture. 

Case v. Right leg injured in automobile 
collision. B. welchii observed in smears. 

Casevi. Left forearm injured in automobile 
accident. Cultures showed B. welchu, B. colli, 
streptococci and Staphylococcus aureus. 

Case vit. Compound fracture of the right 
thumb due to a fall. B. welchii, Vibrion septique, 
B. coli, and staphylococci observed in cultures. 
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Ivan C. Hall®’ reports an interesting 
case admitted to the hospital with mjury 
of left leg above the knee. A diagnosis 
was made of hematoma with possible 
thrombosis in the left femoral vein. Three 
days after admittance the hematoma was 
opened and the necrotic tissue was re- 
moved. Not until two weeks after the 
injury was there evidence of B. welchii 
infection. 

Brickner and Milch® describe the injury 
of the muscles of the lower third of the leg 
in 1 case. An unidentified anaerobic bacillus 
with Staphylococcus aureus and B. subtilis 
was present in the cultures from the 
wound. 

Gas Gangrene of the Brain: According to 
Schar** in 1928 only 5 positive cases of 
gas gangrene of the brain had been reported 
in the literature and in the majority of 
these cases B. welchii was present. The 
case described by Schar was that of a boy 
of fourteen years of age, who, while playing 
with his comrads, suffered an injury of the 
eye.* This was done by a bean-pole which 
was covered with garden earth. Upon 
examination the physician found that the 
patient was in a normal condition except 
for the injury to the left eye which ap- 
peared to be so extensive that enucleation 
was necessary. However, further examina- 
tion disclosed possible intracranial com- 
plications and the presence of meningeal 
symptoms. It was found that there were 
two fractures of the facial bones. The child 
reacted well to the operation, but on the 
second day startling symptoms developed, 
such as loss of consciousness, stiff neck, 
exaggerated reflexes, Kernig’s sign, fever 
and vomiting. The diagnosis was made of 
meningitis and brain abscess. Material 
secured from the orbital cavity was sent 

* Since the preparation of this paper, reference to gas 
bacillus infection of the eye has appeared in the liter- 
ature. 

From study of the reported cases, the author below 
believes that such infection of the eye may be divided 
into two groups: first, B. welchii in association with 
pyogenic organisms and, second, pure infection with B. 
welchii. 

Hamilton, J. B. Notes on b. welchii infection of the 
globe. Brit. J. Opbth., 14: 452, 1930. 
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to the National Institute for examination 
and the patient was given antigas gangrene 
serum. The patient died nine hours after 
the beginning of meningeal symptoms. 
The bacteriological examination showed 
culture of gas bacillus. 

Gas Bacillus Infection following Tonsillec- 
tomy: Smith” describes a case of B. welchii 
infection which occurred in a woman of 
thirty-one following tonsillectomy. Thirty- 
six hours following the operation, the 
symptoms were intense headache, pain in 
the left eye and extremities, preceded by a 
chill. The patient died after twelve days. 
Soon after the appearance of the initial 
symptoms it was possible to make a diag- 
nosis of cellulitis of the face and neck 
caused by the B. wechii. 

Fatal Case with Tentative Diagnosis 
following Extraction of Tooth: About five 
years ago the sudden death was recorded of 
Dr. W. H. Doughty, professor of surgery 
at the University of Georgia Medical 
School, Augusta. Dr. Ralph H. Chaney, 
in a personal communication, has given the 
following information concerning Dr. 
Doughty’s death: 

Little exists in record which would prove that 
his death resulted from B. welchii infection. I 
was not attending Dr. Doughty at the time of 
his death, but have sought information from 
those who had contact with the case. Dr. 
Doughty had been having considerable trouble 
from arthritis for several months and finally 
decided to have his remaining teeth extracted. 
Five days before his death he had a number 
removed and three days before his death the 
remainder. I understand that his mouth was 
rather sore and troublesome after these 
extractions, but the condition was not sufli- 
ciently alarming to suggest to his dentist to 
have a surgeon see the mouth. His mouth was 
treated by his dentist the evening before his 
death. Suddenly about daybreak his wife was 
aroused by hearing him drop on the floor of his 
room. He was found unconscious and the 
physician living next door called. He died within 
the next hour or so. After the death the body 
rapidly became distended with gas and the 
supposition was made that a general gas 
bacillus infection had taken place. However, I 
am unable to find that any smears or cultures 
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were made to prove the type of gas forming 
organism. 


Infection of the Thorax and Thoracic 
Cavity with B. welchii: Sieman® reports a 
case which is interesting because of the 
infrequent occurrence of infection of the 
thorax and heart with gas bacillus. 


The patient was a student nineteen years of 
age who attempted to commit suicide with a 
kitchen knife which he had sharpened on a 
stone in the garden. The physician found that 
the patient had apparently self-inflicted super- 
ficial wounds in the region of the heart. The 
wounds were disinfected and dressed and the 
patient was given a prophylactic dose of 
tetanus antitoxin and a sedative dose of 
morphine. Fourteen hours afterwards the 
patient exhibited symptoms of toxemia and 
locally a dark discoloration of the skin over the 
region of the left breast. This area was incised 
for a distance of about 2.5 cm. Further exami- 
nation indicated that while the heart appeared 
to be normal, it was noted on the right side that 
the respiration was disturbed and sounds were 
evident. The patient was given an intravenous 
infusion of 700 c.c. of Ringer’s solution. Eight 
hours after the temperature rose and severe 
symptoms of toxemia continued until the death 
of the patient on the third day. At the autopsy 
B. welchii with streptococci and Staphylococcus 
aureus were isolated by Professor Uhlenhuth. 


An interesting case of infection has been 


described by Wolffe.*! 


This case was that of a female, aged sixty-six, 
admitted to the Mt. Sinai Hospital with pain 
in the chest. The patient was in a state of stupor 
with rapid pulse and respiration. The heart was 
enlarged and the cardiac sounds were distant. 
Subsequent examinations revealed crackling 
rales over the chest. Six days after admission, 
in the right lumbar region a large palpable 
mass was discovered in which there was definite 
crepitation. Infection with gas bacillus was then 
suspected and the patient was given 50 c.c. of 
perfringens antitoxin. In all 350 c.c. of per- 
fringens antitoxin were administered intra- 
muscularly. B. welchii was found in the stools. 
The diagnosis of infection due to B. welchii was 
based upon a pneumothorax apparently spon- 
taneously absorbed, a migrating pneumonitis 
without cough, marked toxemia and definite 
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response to specific serum therapy with 


recovery. 


Pulmonary Gas Gangrene: Loeper and 
Garcin®? describe a case of pulmonary gas 
gangrene which was treated by the injec- 
tion of approximately 8 |. of antigas 
gangrene serum. 

Flaum*? employed gas gangrene anti- 
toxin in the treatment of 8 cases of pulmo- 
nary gangrene, based upon his experience 
in the French Army during the World 
War; 20 to 80 c.c. were injected intra- 
muscularly at twenty-four hour intervals. 
Favorable results were observed in 6 cases. 

Perforated Gastric Ulcer with Gas Bacillus 
Infection: The case described by Dayton*! 
resulted in death which occurred five hours 
after the patient first exhibited symptoms. 
The skin of the neck and _ superficial 
structures of the abdomen became dis- 
tended and crepitant shortly before death. 
The skin changed from a dirty gray to a 
light brownish color and at the time of 
death rapid involvement of the entire 
body took place, including tremendous 
gaseous distention of the superficial struc- 
tures of the face, scalp, upper extremities, 
chest and thighs. On autopsy a ruptured 
gastric ulcer was found and B. welchii was 
recovered from the blood. 

Vincent*® believes that all lesions adja- 
cent to the alimentary tract may be 
complicated by gas bacillus infection. 

Infection of the Intestine: Sailer, Laws and 
Eiman”?° describe a most interesting case 
due to infection of the intestinal tract with 
B. welchi. The predominant symptom 
was acute toxemia which caused the death 
of the patient. It is stated by the authors 
that if the perfringens bacillus had not been 
recognized in smear from the rectum and 
later positively identified by culture, the 
diagnosis probably could not have been 
made. The characteristic symptoms were 
found to be profound prostration, hypo- 
tension, afebrile leucocytosis, fetid odor 
of the stools and presence of B. welchii. 

Gas Bacillus Infection in Intestinal Ob- 
struction and Peritonitis: Bower and Clark” 
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substantiate the claim made by Williams*® 
that patients suffering from appendicitis, 
from acute intestinal obstruction and peri- 
tonitis associated with toxemia show 
marked improvement in clinical condition 
when they receive B. welchii antitoxin and 
exhibit a lower mortality rate than those 
not similarly treated. These findings were 
first based upon the observation that 
toxemia as seen in such cases with para- 
lytic ileus strikingly resembled the toxemia 
observed in severe cases of gas gangrene. 
It is believed that B. welchii as it normally 
exists in the small intestine multiplies 
rapidly in those patients suffering with 
acute intestinal obstruction and peritonitis 
with ileus. In the treatment of 18 such 
cases of peritonitis Williams had a mor- 
tality of 16.67 per cent and in a series of 11 
cases Bower and Clark report a mortality 
of 19 per cent. These authors estimate the 
mortality control for cases similar to those 
treated as 73 per cent. A series of 54 cases 
of intestinal obstruction so treated by 
Williams showed a mortality of 9.3 per cent 
as against 24.8 per cent in 214 control cases 
and 13 cases treated with antitoxin by 
Bower and Clark, 30.7 per cent. 

Owings and McIntosh of Baltimore*’ 
present data which indicate that neutral- 
ization of the toxic substances contained in 
isolated intestinal loops is not influenced 
by B. welchii antitoxin. Experiments 
conducted on dogs showed that the lives of 
animals with high intestinal obstruction 
were not prolonged by the use of the 
antitoxin. The toxic material contained in 
the isolated intestinal loops was designated 
as “loop toxin” and while it was shown that 
dogs could be successfully immunized with 
B. welchii toxin, the results of the experi- 
ments clearly indicated that similar action 
on the “loop toxin” was not obtained. It is 
possible that the artificial conditions inci- 
dent to this experimental work did not 
simulate those present in clinical intestinal 
obstruction in man. 

Mclver et al.** using the cat as the 
experimental animal demonstrated B. 
welchii in the obstructed loop of the small 
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intestine. They were unable to demon- 
strate any favorable influence through the 
administration of B. welchii antitoxin; 
however, it is known that the cat is 
relatively immune to B. welchii toxin. 

Copher et al.** believe that both anae- 
robic and aerobic organisms play a réle in 
the production of toxemia found in ileus and 
intestinal obstruction. The experimental 
results obtained by these workers followed 
treatment with B. welchii antitoxin of exper- 
imental dogs suffering from acute general 
peritonitis and acute intestinal obstruction, 
were strongly suggestive of the therapeutic 
efficiency of B. welchii antitoxin. 

Recently Simpson” described a_post- 
operative paralytic ileus with recovery 
after treatment with antigas gangrene 
serum. Study of the case revealed that the 
diffuse peritonitis was due to a pneumo- 
coccus from some primary focus, pre- 
sumably in the lung. During the course of 
the disease a paralytic ileus developed 
rendering a grave prognosis. 

Butler and Rhodes‘! have reported 2 
cases of infection with B. welchu, following 
enterostomy for bowel obstruction. 

In the first case, a female of fifty-four years 
of age, bowel obstruction was complete, the 
symptoms having been established seventy-two 
hours before entrance to the hospital. Forty- 
eight hours after enterostomy, the patient 
exhibited marked symptoms of toxemia and 
the subcutaneous tissues were edematous and 
contained bubbles of gas. Cultures showed pure 
growth of B. welchii. Two 100 c.c. doses of 
anaerobic antitoxin were given at twenty-four 
hour intervals, and after slow recovery the 
patient was discharged. 

The second case reported was that of a 
female, aged fifty-five, who was operated on 
for strangulated postoperative ventral hernia. 
A few hours after enterostomy was performed, 
evidences of gas gangrene developed, the 
diagnosis being confirmed by cultural exami- 
nation, disclosing B. welchii and other anaerobic 
bacteria, together with the colon bacillus. 
Although the general condition of the patient 
showed a definite improvement after debride- 
ment and administration of anaerobic antitoxin, 
death occurred on the ninth day following 
admittance to the hospital. 
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Gas Gangrene of the Abdominal Wall fol- 
lowing Gangrenous Appendicitis: Shearer*® 
observes that most of the infections with 
the anaerobic organisms following abdom- 
inal operations originate from the organ- 
isms in the intestinal tract rather than 
from material contaminated with these 
organisms from the outside as is the case 
with gas gangrene following trauma. 

Gas gangrene of the abdominal wall 
following operation has been found to be 
very serious in nature. It is apparent that 
the anaerobic organisms especially B. 
welchii which apparently live under nor- 
mal conditions in the intestinal tract of 
some individuals, suddenly become ex- 
ceedingly virulent. 

It is believed by Ochsner and Schmidt* 
and others that the gangrenous appendix 
affords optimum conditions for the growth 
of B. welchii. 

Gas gangrene has been reported follow- 
ing operations for perforated gastric and 
duodenal ulcers, following cholecystotomy, 
enterostomy and criminal abortion. 

Reports in the literature indicate that 
there are two types of cases of gas gangrene 
following operations for gangrenous ap- 
pendicitis; first, those which are localized, 
second, those in which a general septicemia 
accompanies the local gas gangrene. The 
fulminating type is almost invariably fatal, 
although the use of antitoxin is indicated, 
especially if an early diagnosis is made. 

Butler** enumerates the signs by which 
may be made a diagnosis of postoperative 
gas bacillus infection of the abdominal 
walls as follows: Copper colored bronzing 
of the skin with edema, brownish foul 
smelling discharge from the wound, crepita- 
tion and positive bacteriological smears. 

Puerperal Gas Bacillus Infection: Leh- 
mann* describes 8 cases of gas bacillus 
infection which occurred in the puerperal 
state. Together with the gas bacillus there 
occurred streptococci, staphylococci, B. 
coli, and other pathogenic organisms ordi- 
narily found in such conditions. 

Feuillie et al.“° describe a case of puer- 
peral septicemia from which B. welchii was 
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recovered at autopsy. Brutt and Lehmann“ 
in- discussing some cases of gas bacillus 
infection complicating the puerperal con- 
dition state that when the gas bacillus is 
present and there are no symptoms of 
peritonitis, a local infection of the endome- 
trium is indicated and the therapy is 
curettage and the use of gas gangrene 
antitoxin. 

Nurnberger® describes in detail the 
diagnosis and therapy of puerperal infec- 
tion with Fraenkel’s gas bacillus (B. 
welchii). According to this author if one 
finds the followmg symptoms coincident 
with illness due to abortion, one may 
suspect infection with the gas bacillus: 
Icterus, cyanosis of the skin, red to black- 
brown discoloration of the urine and 
brownish discoloration of the blood serum. 
The presence or absence of fever is not of 
diagnostic importance. Nurnberger gives 
in detail methods to be followed in posi- 
tively diagnosing the gas bacillus by means 
of microscopic and cultural examination 
and animal inoculation. 

Gas Gangrene of the Uterus: Kamniker® 
describes a case of gas gangrene of the 
uterus in a patient twenty-one years of 
age. Examination of the patient, who 
exhibited profound symptoms of toxemia, 
indicated gestation of about eight months. 
The uterus was tympanic and it was 
determined that the fetus was dead. It 
became necessary, therefore, to perform a 
perforation and extraction of the dead 
child. This was done and it was found that 
the fetus was macerated and that gas was 
present in the uterine cavity. The placenta 
was removed manually and the patient 
was given a blood transfusion of 250 c.c. 
with 500 c.c. of physiologic salt solution. 
The patient died about six hours after the 
operation. From the afterbirth B. welchii 
was obtained in culture, this being con- 
firmed by animal inoculation. After autopsy 
the organism was found in sections of 
tissue. 

Halban® had a similar case occurring 
two weeks after delivery. Histological 
examination of the tissues after death 
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showed the presence of streptococci and 
gas bacilli. According to Halban’s belief 
the uterus became infected with fecal 
material. 

Hussy®! describes a case of placenta 
previa in which the placenta was removed 
manually and tampons placed in the uterus. 
The patient was ill for a week suffering 
from symptoms of toxemia and after find- 
ing the gas bacillus in the lochia and a 
diagnosis of gas bacillus infection of the 
uterus, a supravaginal amputation was 
performed. The patient died on the seventh 
day and B. welchii was identified. 

A third case has been described by 
Holmsen.*? 

Gas Gangrene of the Urinary Tract: 
Weiser®* describes this condition in a man 
sixty years of age who up until the time of 
this illness appeared to be in normal health. 
The first symptom which was noted was 
bloody urine. Upon examination it was 
found that there was apparently some 
accumulation of gas in the bladder. The 
presence of a malignant tumor was sus- 
pected and the patient was, therefore, 
transferred to the clinic and subjected to 
operation. During the operation evidences 
of gas bacillus infection were observed. 
Smears from the urethra and_ bladder 
showed staphylococci and _ streptococci, 
also a gram-positive, plump rod which, 
when cultivated anaerobically was posi- 
tively identified as B. welchii. The patient 
died on the sixth day following diagnosis 
and at autopsy the pathological findings 
confirmed the diagnosis of infection of the 
bladder with B. welchii. 

Ferrier and Bliss** report a case in which 
B. welchii was found in pure culture in the 
center of branched renal calculus. 

Gas Gangrene Infection Introduced by 
Hypodermic Injection: Wanke*® found that 
31 cases of gas gangrene had been reported 
following infection with various medicinal 
substances. It seemed likely that the syr- 
inge was the source of infection. In the 
Kiel University Surgical Clinic B. welchii 
was found on seven syringe tubes which 
were kept in 96 per cent alcohol. 
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Bancroft®** has reported 3 cases of gas 
gangrene which occurred in a New York 
municipal hospital asa result of hypodermic 
injection. 

The following Detroit cases which are 
summarized in Table 1 are reported to 
illustrate the variety of conditions in 
which gas bacillus infection may be found 
and to emphasize the importance of B. 
welchii as the primary etiological agent. 


SUMMARY 


1. Gas bacillus infection carries a high 
mortality rate, probably about 40 per 
cent. Contrary to the general impression 
which prevailed before the World War, 
gas gangrene is a relatively frequent and an 
important infection in civil as well as in 
military life. 

2. It is logical to assume that the 
mechanical age of today, which is respon- 
sible for the rapidly rising number of 
cases of severe trauma, has brought about 
the marked increase in the number of 
cases of gas gangrene. At the same time it 
may be observed that physicians are 
becoming more familiar with the etiology 
and symptomatology of the infection and 
are better able to recognize the condition. 

3. Suspicion should be centered on all 
cases in which there is severe trauma, 
crushed bone or deep perforations. Espe- 
cially should those cases in which there are 
pelvic or abdominal injuries or contusions 
be regarded with apprehension. Gangrenous 
appendicitis affords a potential danger. 
Proliferation of B. welchii should not be 
disregarded in intestinal obstruction and in 
peritonitis accompanied with ileus. 
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4. Among the first symptoms which 
may occur in from six hours to three days 
following inoculation are accelerated pulse 
and leucocytosis. The important diagnostic 
signs, with history of case included, are 
prostration, evidences of toxemia, local 
crepitation and discoloration. 

5. Gas bacillus infection, as shown by a 
survey of the literature and observance of a 
series of local cases, occurs as an important 
mortality factor in a great variety of 
clinical conditions. It is of great importance 
in cases involving compound fractures, 
puerperal infection, intestinal obstruction 
and peritonitis with ileus, gangrenous 
appendicitis and pelvic or abdominal 
contusions. 

6. From the results of a search through 
the literature and from observation of a 
series of local cases presented, such bac- 
teriological data point to B. welchiu (B. 
perfringens) as the predominating causa- 
tive organism found in the interesting 
variety of cases reported. It would appear 
from clinical reports that B. welchiti may 
well be regarded as the important causative 
organism although frequently in associa- 
tion with various anaerobes and aerobes. 
Much careful work remains to be done on 
the bacteriology of gas gangrene. 

7. Gas gangrene antitoxin, prepared 
from B. welchii and Vibrion septique, is 
indicated as a specific prophylactic treat- 
ment for all potential cases of gas bacillus 
infection and should be used early and 
freely as a specific curative agent in the 
treatment of all cases of gas gangrene. On 
the other hand, antitoxin should never be 
used as a substitute for surgery. 
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THE TREATMENT OF EXTENSIVE GRANULATING AREAS 


WITH SPECIAL REFERENCE TO THE USE OF PHYSICAL THERAPY MEASURES* 


T is the object of this paper to outline 
a general plan for the treatment of 
extensive granulating surfaces result- 

ing from burns, with special emphasis on 

some physical therapeutic measures used 
with advantage in conjunction with the 
surgical treatment. 

The physical agents employed are ultra- 
violet radiation, heat producing radiation, 
warm brine and whirlpool baths, massage, 
passive motion and active exercise. 

The patients under consideration are 
those suffering from burns involving more 
than 1000 cm.’ of body surface, third 
degree burns for the most part, often with 
marked destruction of the subcutaneous 
tissues. 

Some patients enter the hospital within 
a short time following the injury. In many 
instances, however, treatment of an in- 
different nature has been carried out for 
some time prior to admission, the patient 
entering the hospital days or weeks after 
the burn. 

In the group admitted to the hospital 
soon after the burn, the usual measures are 
directed toward supportive treatment. 
Opiates are given for relief of pain, and 
shock is treated by the general application 
of heat and by replacing the depleted 
body fluids. Glucose and normal saline also 
are given by hypodermoclysis and by intra- 
venous administration. Transfusion Is also 
used in some cases for relief of shock or for 
anemia accompanying severe sepsis. Bleed- 
ing and transfusion seem to be rather 
heroic treatment in these cases, although 
the usefulness of this form of treatment 
has not been conclusively disproved. All 
severe acute burns are treated by the 
tannic acid method as described by David- 
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son.! As soon as the crust separates off, 
the granulating area is prepared for skin 
grafting by the method described later on. 
Immersion of the patient in a warm bath 
has been abandoned, except as an aid in 
the removal of previously applied dressings 
of grease or sticky substances. Continued 
immersion may produce an undesirable 
weakening effect on a severely shocked 
patient. 

The second group, with a considerable 
time elapsing following the burn, have 
survived the initial shock and toxemia and 
present the picture of severe sepsis depend- 
ent upon large infected granulating sur- 
faces. The problem here is to prepare these 
large denuded areas so that skin grafts 
can soon be applied. It is obviously 
important that the majority of these 
grafts must be successful on the first trial, 
since the donor skin is limited in area 
because of the extent of the burn. Only 
autogenous grafts are used. 

As soon as the general condition of the 
patient permits, all necrotic tissue Is cut 
away and the surface carefully cleaned. 
Moist dressings of normal saline or boric 
acid are applied, and changed frequently 
enough to keep the surface free from 
exudate. In some cases a single layer of a 
perforated fabric laid directly on the 
burned area and covered with the moist 


gauze dressing adds materially to the 
patient’s comfort. In children, particu- 


larly, this facilitates dressing because it 
prevents granulation tissue from growing 
into the interstices of the gauze and 
minimizes the discomfort caused by the 
removal of such dressings. 

Continuous heat and ultraviolet radia- 
tion? are used in preparation of these 
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wounds for skin grafting. The heat is 
obtained from an “oven baker” contain- 
ing five tungsten filament bulbs, consum- 


r 


Fic. 1. Light area shows heavy implantation on blood 
agar plate of Staphylococcus aureus and strain of 
hemolytic streptococcus from a burn. Dark circular 
area in lower left hand corner received quantity of 
ultraviolet radiation comparable to one-fifth of 
patient’s erythema dose; the dark area at 9 o’clock 
received twice this quantity and the area at 11 
o’clock three times the amount applied to the first 
area. Three-fifths of erythema dose inhibited all 
growth in this instance. 

W. M. received third degree burns of both legs, ad- 
mitted ten days after injury. Methods as described 
in this paper were used. 

ing 25 to 60 watts of current per bulb. 

This apparatus is suspended from a rod 

extending longitudinally over the middle 

of the bed, so that it does not interfere 
with nursing care. A sheet partly sur- 
rounds the lamp and is folded under the 
mattress so that air currents are excluded. 

The temperature of the air surrounding 

the wounds is thus maintained at approxi- 

mately 100°F. and the tissue temperature 

Is not reduced by the wet dressings. 

Ultraviolet radiation is used in the prepa- 

ration for skin grafting because it helps to 

decrease the amount of infection on the 
wound surface and aids in rapid formation 
of healthy granulation tissue. 

Experience with other wounds has shown 
that care must be used in prescribing the 
amount of radiation administered if de- 
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struction of the newly formed tissue is to 
be avoided. It is therefore necessary to 
learn the effect of a certain lamp upon the 


Fic. 2a. Healthy granulation tissue ready for skin 
grafting nineteen days after admission to hospital. 
Note exposed tendons on dorsum of left foot. 

Fic. 2b. Grafts in place. Proliferation of epithelium 
has started from edges of grafts. Granulation tissue 
is clean. Grafting successful. 

E. W. admitted to hospital two and one-half weeks 
after third degree burns of arms and legs. Patient 
in extremely toxic condition. Previously described 
method of preliminary treatment employed. 


individual who is going to be treated. In 
the determination of dosage and during 
treatment of the patient the mercury arc 
lamps are operated at a potential of 70 
volts and at a distance of 20 in. from the 
skin surface. The effectiveness of a par- 
ticular lamp and the patient’s skin sensi- 
tivity to the radiation are gauged by 
determining the length of exposure neces- 
sary to cause a standard intensity of 
erythema. This is done by exposing small 
areas of skin over the scapular region for 
different lengths of time; the first distinct 
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homogenous redness resulting from the 
shortest exposure represents a skin ery- 
thema dose. It is impossible to prescribe a 


Fic. 3a. Condition of wounds twenty-six days after 
admission. Soon after this photograph was made, 
large full thickness grafts were applied. 


dose in minutes and distance which will be 
satisfactory because different mercury or 
carbon arcs may require different lengths 
of exposure at the same distance from the 
patient to produce the same effect. 

It is found that in severely infected 
wounds the best results are accomplished 
by an initial exposure equal to 100 to 150 
per cent of the erythema dose. The second 
and third treatments should usually be 
decreased in intensity and further radiation 
administered in doses of about 70 per cent 
of the erythema time. Within a period of 
about two weeks, after daily treatment of 
this type is instituted, the wounds are 
usually ready for skin grafting. 

By the use of this small dosage, sufficient 
bactericidal effect is gained without injur- 
ing the newly formed tissue. This was 
substantiated by a determination of the 
length of time required to kill bacteria 
when placed on culture media. The test 
was performed by inoculating a blood agar 
plate with a suspension of material taken 
from the surface of a patient’s wound. 
Small areas of the plate were then exposed 
to quantities of ultraviolet radiation, 
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measured in terms of the patient’s ery- 
thema reaction, and the plate incubated 
for twenty-four hours (Fig. 1). From this 
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Fic. 3b. Patient one and one-half months after first 
grafts were started. 


J. H. admitted to hospital four weeks after third 
degree burns of back and right leg. Grafts placed on 
burned area over scapular region four days after 
admission, since granulation tissue appeared healthy. 
Many of these failed to grow. Ultraviolet radiation 
then started; within seven days grafts reapplied to 
granulating area. 


test it appears that less than 70 per cent 
of a skin erythema dose was suflicient to 
cause destruction of the organisms on the 
surface. Clinically, the laboratory test 
was substantiated by the rapid disappear- 
ance of much of the infection, although the 
wounds were never entirely free from 
bacteria. 

Large Ollier-Thiersch grafts are used in 
most cases, except where there is a very 
limited area of donor skin available. In 
such cases either small Thiersch grafts or 
small deep grafts are employed, placed 
some distance apart, or larger grafts are 
cut into smaller pieces and_ similarly 
placed. These form separate epithelial 
islands in the same manner as_ pinch 
grafts. 

In most cases no dressing is used on the 
freshly applied grafts, except a very 
small amount of sterile vaseline or liquid 
petrolatum at the borders of the grafts to 
prevent drying and curling. This forms an 
excellent method for large isolated Ollier- 
Thiersch grafts taken in a single piece, 
because it allows scrutiny of the grafts 
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from the start. The use of a wire cradle 
over the freshly grafted area, with sand 
bags to immobilize the part, gives protec- 


Fic. 4a. Proliferation of epithelium from grafts two 
weeks after grafting. 


tion against brushing of the grafts by the 
bed clothes. Any collection of serum under 
the grafts, which might interfere with its 
taking, is rolled out with an applicator, 
and small crusts at the edges are picked 
off two or three times daily. In our experi- 
ence this exposure to the air is superior to 
many other forms of dressings which are 
in use, since it is simple, comfortable to 
the patient, and makes the area readily 
accessible to treatment. When this method 
is employed, moist gauze dressings are 
generally applied for short periods after 
the fourth or fifth day to facilitate removal 
of desquamation from the graft. 

In children, and when it is desirable to 
cover the newly applied Ollier-Thiersch 
grafts, paraffin may be sprayed over the 
grafts, and this covered with shingled 
strips of gutta percha, as described by 
Coller.* A perforated fabric may also be 
used, covering this with warm moist gauze 
dressings. These dressings may be removed 
easily without disturbing the grafts and 
with no discomfort to the patient. 

Immediately after operation the donor 
area is frequently more uncomfortable 
than the burned area, particularly when 
thick grafts have been removed because a 
large portion of the corium is taken. We 
have found that covering this area with 4 
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per cent tannic acid, as in a fresh burn, 
forms a very satisfactory dressing, prefer- 
able to those of gauze, either dry, moist 


Fic. 4b. Area thirty days after grafting. 


or greasy. The area from which the graft 
has been removed is sprayed every hour 
with a 4 per cent tannic acid solution from 
a common atomizer until a thick leathery 
crust forms. This occurs after two or three 
applications and gives a covering which is 
entirely comfortable and needs no further 
attention. Within ten days or two weeks 
the crust will separate spontaneously as 
the epidermis regenerates. 

Ultraviolet radiation is often restarted 
within three to six days after operation, 
in order to prevent the development of 
marked infection and to produce a mild 
active hyperemia of the graft. If consider- 
able space has to be left between the 
grafts, a perforated fabric and normal 
saline dressings may be used. In cases such 
as this it was observed that with radiation 
and these dressings the infection was not 
only held at a minimum, but there was a 
rapid spread of epithelial tissue from the 
grafts. The rate of tissue proliferation 
was frequently as great as I mm. in twenty- 
four hours. However, when the granulating 
surface is covered with any oily substance 
ultraviolet radiation is not used because 
it will not penetrate the vaseline over the 
margins of the graft in a sufficient amount 
to be of benefit. 

From this experience and that gained in 
the treatment of other lesions it appears that 
the effect of ultraviolet radiation on these 
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wounds may be attributed to the following 
factors: first, a bactericidal effect upon the 
surface organisms; second, production of an 
active hyperemia which increases nutrition 
and local bactericidal action; third, perhaps 
a stimulation of cell growth. 

During the time when the patients are 
being prepared for skin grafting, measures 
must be taken to prevent contractures. 
Whenever possible the joints should be 
moved through their full range at least 
once a day. If the patient can do this 
himself he should exercise under super- 
vision, but if unable to do so, passive 
motion is necessary.* Proper splinting Is 
also essential in preventing contractures. 

When the surface is covered with epi- 
thelium, massage is started and the amount 
of motion increased. Brine (2 to 4 per cent) 
is employed as a media in which the patient 
exercises the injured parts. In this a greater 
range of motion can be gained with mini- 
mum muscular effort because the action 
of gravity is diminished by the buoyant 
effect of the salt water. Whirlpool baths 
are also used because of the buoyant effects 
of water, the heat gained from the bath 
and the stimulation of the superficial 
circulatory system. 

At the same time that massage is begun 
the patient is given various interesting 
and useful occupational exercises. These 
assist in the development of function and 
coordination, without directing the pa- 
tient’s attention toward the _ injured 
condition. Checkers, letter writing, model- 
ing clay and basketry are useful forms of 
therapeutic exercise for patients who have 
limitation of motion in the hands. The 
exercise of boring a hole, hammering nails, 
or using a screw driver encourages active 
use of the upper extremities, while sawing 
boards, tossing or kicking a ball will 
influence both the upper and lower extremi- 
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ties. When therapeutic exercise is pre- 
scribed the patient must be instructed in 
the particular method of performing the 
task which will call the disabled muscles 
into play. Otherwise the patient is apt to 
use the part in an abnormal manner and 
the desired effect will not be obtained. 


SUMMARY 


1. Physical therapy measures are of 
distinct value to the surgeon in the treat- 
ment of extensive body burns. 

2. Ultraviolet radiation acts as a super- 
ficial bactericidal agent on infected granu- 
lating surfaces and in this manner assists 
in the preparation for skin grafts. 

3. A mild active hyperemia is produced, 
and possibly a stimulation to cell growth, 
by ultraviolet radiation. 

4. Ollier-Thiersch or split thickness 
grafts form a satisfactory means of cover- 
ing these large denuded areas. 

5. The open air treatment of freshly 
applied Ollier-Thiersch grafts is advisable 
in some instances. 

6. The donor site is comfortably dressed 
by the application of tannic acid. 

7. The length of exposure of the wound 
is dependent upon the intensity of the 
source of radiation, the distance from the 
source to the lesion and the erythema 
response of the individual. 

8. Three-quarters of an erythema dose 
will kill bacteria on the surface, produce a 
mild local active hyperemia and stimulate 
cell growth. 

9. Early active motion even before skin 
grafting is often essential for maintenance 
and restoration of joint function. 

10. Therapeutic exercise should be pre- 
scribed and supervised so that definite 
groups of muscles are exercised and the 
patient’s attention drawn away from the 
disabled member. 
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RUPTURE OF THE BLADDER 
THROUGH HUNNER ULCER-BEARING AREA* 


J. S. EtseNsTAEDT, M.D., AND T. G. McDouGaALt, M.D. 


CHICAGO, ILL. 


ASE 1. patient, Mr. W. E., a negro, pre- 
sents a very unusual history and course. 
He states that he had noted frequency 
of urination for some time prior to 1915, at 
which time there were no other symptoms 
referable to the urinary tract. In 1915 he 
contracted a Neisserian infection and received 
treatment for two weeks. Following this episode 
he stated that he felt better but that after 
entering the Army in 1917 and drilling con- 
siderably he noted a reappearance of urinary 
frequency and again received some kind of 
treatment for it. The frequency was eventually 
accompanied by dysuria and urgency. He has 
never noticed the passage of blood or foreign 
bodies. 

His past history revealed typhoid fever in 
1915, an operation for appendicitis in 1919, 
which was complicated by a_ postoperative 
pneumonia. 

Examination of the Genitourinary Tract: 
Palpation of both kidney and bladder regions 
was negative. Rectal examination revealed a 
normal prostate. The expressed fluid was 
negative for pathologic elements. The seminal 
vesicles were not palpable. A No. 26 bougie a 
boule was passed and no stricture of the ure- 
thra was found, while a No. 26 sound passed 
readily into the bladder. The urine was crystal- 
line clear but on centrifuging an occasional 
red blood cell was found. 

Cystoscopic examination revealed a 
markedly reduced bladder capacity; 90 to 
100 c.c. were the limit of tolerance. The bladder 
throughout was normal except for a small area 
which was typical for a so-called Hunner ulcer. 
As the bladder was distended, minute droplets 
of blood were seen to be coming from this 
defect. This “ulcer” appeared more as a 
fissure than an actual loss of substance. The 
ureteral orifices were normal in appearance. 

A specimen of urine was sent to the labora- 
tory to be examined for tubercle bacilli and 
for guinea-pig inoculation. These results were 
entirely negative. 


The treatment of this patient brought up 
several extremely interesting points. We had 
no demonstrable etiological factors in the 
causation of this lesion in this patient. All foci 
which were removable were surgically cared 
for, his tonsils were removed and all diseased 
and suspicious appearing teeth likewise were 
extracted. There was no change in the clinical 
symptoms after these procedures. Foreign 
proteins were injected, likewise, with negative 
results. Mercurochrome was given intrave- 
nously repeatedly, after which there was a 
definite improvement in the dysuria and 
urinary calls were reduced fully one-half. ‘This 
amelioration continued up to a certain point 
and then became stationary. Fulguration of 
the defect was advised and done without 
improvement on three different occasions. 
Forced dilatation under gas anesthesia, as 
recommended by some authors, was done. 

Shortly following the fifth or sixth of these 
dilatations under gas anesthesia, the patient 
developed a boggy mass in the abdomen above 
the symphysis pubis. This was associated with 
considerable pain and bladder tenesmus. There 
was only a very slight elevation of temperature. 
Fifteen days thereafter he developed an acute 
retention of urine and the following day was 
cystoscoped; what was apparently an organized 
blood clot was washed out through the cysto- 
scope. This proved, however, to be necrotic 
bladder tissue. After the filling fluid was again 
quite clear, a ragged tear was seen near the 
dome of the bladder, occupying the exact 
location of the defect first noted. He was, 
therefore, taken to the x-ray department 
and a cystogram was made (Fig. 1). The 
cystogram revealed a very large irregular 
shadow ventral to the bladder shadow which 
was a diverticulum of the bladder produced 
by the forcible dilatation done fifteen days 
before. The diagnosis, was rupture of the 
bladder causing pseudo-diverticulum. 

Under spinal anesthesia, a midline 
from the symphysis pubis extending 


incision 
upward 
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was made. The bladder was 
exposed in the usual manner and then opened 


for about 4 in. 


longitudinally. A finger was inserted in the 


bladder and the opening of the pseudo-diver- 
ticulum located. The right lateral wall of the 
bladder was then dissected free until the 
pseudo-diverticulum was opened. An incision 
was made in the bladder wall down to the open- 
ing of the diverticulum. The diverticulum was 
removed and the edges closed with No. 1 
chromic catgut. The midline incision in the 
bladder was closed in layers about a supra- 
pubic tube. Two Penrose drains were let down 
to the site of the diverticulum in the deeper 
structures. There was considerable induration 
noted at the site of the diverticulum resulting 
from the escape of urine. 

The patient made an uneventful recovery. 
At the present time his urinary calls are less 
frequent than they have at any time since his 
admittance to the hospital and are definitely 
improved over the condition noted after the 
mercurochrome injections given intravenously. 

This case illustrates that all the so- 
called orthodox therapeutic measures are 
without result. The use of mercurochrome 
intravenously, based purely on an empirical 
conception, afforded some improvement. 
The forced dilatation of the bladder, as 
recommended by many, seems in view 
of the unpleasant results obtained in 
this case to be definitely contraindicated 
and the possibility of rupture of the bladder 


through an area of chronically inflamed 
tissue now appears too likely. It is a pro- 
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cedure which we will not attempt again. 


Fic. 2. 


The conception of certain men that 
resection is the only logical treatment 
seems in a manner to be borne out by 
this case. However, should we have the 
opportunity of seeing another case of 
similar character, we shall content our- 
selves at first at least with a freeing and 
complete mobilization of the bladder. 
It seems likely in this case that the real 
result of the last operation done may be 
due almost entirely to the freeing of the 
bladder from contiguous structures. 


CALCULUS IN URETER AND URINARY FISTULA 


Case 1. A patient entered the hospital with a 
diagnosis of urinary fistula in the right loin. He 
stated that for years he had been having 
periodic attacks of pain simulating renal colic, 
always on the right side. About five weeks 
before entrance he was operated upon. An 
attempt was made to remove a stone. After 
the operation his surgeon told him that he was 
unable to locate the stone. Since operation, 
urine had been draining from a sinus in the 
operative incision. With the exception of this 
continuous leakage of urine through the loin 
there were no other symptoms present. 

His past history was entirely negative except 
for Neisserian infection in 1918, which perma- 
nently cleared up within a few weeks recurrence. 


| 


New Series Vor. XIV, No. 2 


Examination: There was a sinus in the 
middle of an otherwise well healed oblique 
kidney incision in the right loin which was 
draining clear urine. The left kidney region 
was negative as was the bladder region. The 
genitals were negative. There was no adenop- 
athy. The urine voided by the urethra was 
cloudy and many leucocytes were found. The 
prostate was normal to palpation and the 
expressed fluid was negative. The seminal 
vesicles were not palpable. 

Cystoscopic Examination: A No. 21 Brown- 
Buerger cystoscope was passed into the bladder 
without obstruction. The bladder vault was 
normal in appearance as was the trigone but 
there were several small masses of crystalline 
debris lying on it. Both ureteral orifices were 
normal. No. 6 catheter passed readily to the 
pelvis of the left kidney, but a similar catheter 
met obstruction in the right ureter, 15 cm. 
above the orifice. It could not be passed 
beyond this obstruction nor could the smallest 
ureteral bougie. Pyelograms were made show- 
ing a slightly dilated left pelvis with a kink in 
the ureter at about the level of the middle of 
the sacroiliac junction. No shadow was visible 
in the region of the right pelvis because it was 
impossible to inject fluid above the point of 
obstruction. There was, however, the shadow 
of an opaque object, shaped like a collar but- 
ton, with the broad end directed upwards. 

The diagnosis at this time was calculus in the 
upper third of the right ureter and urinary 
fistula. 

Various attempts were made to manipulate 
this calculus through the ureter by means of 
dilatation and injections of oil. After one of 
these dilatations, the patient reported a very 
severe kidney colic on the right side and almost 
immediately thereafter the urinary fistula in 
the loin began to heal. However, no stone was 
passed with the urine. Ten days after this 
severe kidney colic, a flat plate failed to reveal 
any stone shadow. Fourteen days thereafter, 
a No. 11 bougie was passed to the pelvis of the 
right kidney without difficulty. The cysto- 
scopic picture had not changed.The patient 
still continued to have occasional dilatations of 
the right ureter and the pyelogram then made 
showed a moderate degree of hydronephrosis 
on the right side. 

Examination made twenty-eight days after 
the severe renal colic previously mentioned 
Showed that the urinary fistula had entirely 
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healed. The patient felt very well and, except 
for the presence of the hydronephrosis on the 
right side which was injected and the presence 


Fic. 3. Calculus in ureter. 


of two definite strictures noted in the course of 
the right ureter, he was to all intents and pur- 
poses quite well. He thereupon demanded his 
discharge from the hospital, which was granted. 
The patient has since remained in excellent 
health and is having from time to time dilata- 
tions of the right ureter. About two months 
after the healing of his urinary fistula we were 
rewarded by having the patient pass a calculus 
which conformed in all characteristics to the 
shadow seen at the upper third of the right 
ureter when he entered the hospital. 


This case is exceptional, first, in that 
the stone was not located at surgical opera- 
tion, and secondly, in showing what might 
be expected with conservative treatment 
of urmary calculus. We generally make 
every attempt not to open the ureter in 
its continuity, feeling that stones which 
must be removed surgically from the upper 
third of the ureter can usually be made 
to enter the pelvis of the kidney by man- 
ipulation even at the time of opera- 
tion and that pyelotomy incision is much 
safer than an incision into the ureter 
itself. 
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HE presentation of this paper was 
stimulated for two reasons. The first 
was that, during the past two years, 

several cases of urosepsis of various types 
associated with prostatism came under 
my observation. Only recently a severe 
and fatal form of sepsis followed pro- 
statectomy, performed under excellent 
conditions by a competent colleague in 
urology. Other cases of phlebitis, septic 
pneumonia, and persistent irregular tem- 
peratures, without physical signs to explain 
them, have occurred. Some of these fol- 
lowed cystotomy, others followed the 
second stage. 

The second reason for offering a new 
idea in aseptic technique was the appear- 
ance of frequent recent publications con- 
cerning the prevention of infections in 
prostatectomy. This indicates the need 
for further measures in controlling infec- 
tions. Numerous papers have appeared 
on prevesical space puncture and also 
specialized technique of cystotomy to 
prevent wound contamination. As far 
as a three-step operation is concerned, 
free drainage of the prevesical space, at 
the time of cystotomy, would appear to be 
sufficient to prevent “pocketing” and 
possible secondary infection in this area. 
My own experience leads me to the con- 
clusion that a two-stage operation with 
drainage is fully sufficient. In considering 
the various factors of infection, there is a 
practical point of importance which has 
heretofore received little or no attention. 
Recall for a moment the large space 
remaining after gland enucleation with 
its open raw surface and exposure of 
vessels and lymphatic spaces. This mat- 
ter deserves further consideration. It will 
no doubt be agreed that every bladder 


THE PREVENTION OF INFECTIONS IN PROSTATECTOMY 
A PRELIMINARY REPORT ON THE USE OF MERCUROCHROME* 
Aucustus Harris, M.D., 
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containing a suprapubic or urethral rubber 
tube is either infected or potentially so. 
Is it any wonder that pelvic cellulitis, 
pericystitis, phlebitis and the varied forms 
of urosepsis occur as a complication in a 
certain percentage of cases starting in the 
prostatic bed? Dr. E. L. Keyes believes 
that at least some of these infections 
are primarily prostatic rather that vesical 
or prevesical. 

Apropos of these remarks, I have been 
using a 2 per cent solution of acetone- 
alcohol-mercurochrome for its penetrating 
sterilizing effects. If this method has been 
applied before, I am not aware of it. The 
solution is poured into the bladder and 
prostatic pouch as soon after gland enuclea- 
tion as hemorrhage is temporarily con- 
trolled. This is given a little time to soak 
before the insertion of a hemostatic bag 
or pack, if either of these is found neces- 
sary. In about 25 per cent to 30 per cent 
of cases, all performed under spinal anes- 
thesia, a suture or a few sutures will 
eliminate the necessity for a bag or pack 
which only acts as a foreign body and 
tends to invite complicating infection. 
After more than three years’ use of the 
mercurochrome solution, I have found that 
secondary complicating infection has not 
occurred, other than slight infections 
about the drainage tube. In going over 
the charts of 65 cases, all done by the 
suprapubic route, I find no evidence 
of septic complication or of continued 
irregular temperature after operation. In 
an equal series of cases where mercuro- 
chrome was not employed, I have noted 
a not infrequent tendency to persistence 
of temperature, with and without other 
symptoms of sepsis. With the mercuro- 
chrome technique moderate febrile reac- 
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tions lasting two to four days were the 
rule after both first and second stage 
operations. A few were practically afebrile. 
Fever very rarely persisted for seven or 
eight days. In one notable exception the 
temperature ran active for one week and 
low grade for two weeks thereafter without 
other complication. In this instance the 
suprapubic wound was very slow in closing 
and the retention drainage catheter was 
not successful. (Considerable caution must 
always be used in the use of self-retaining 
catheters.) A small number of the patients 
had severe chill and high fever and sweat 
after operation which usually passed in 
twenty-four hours. This reaction occurred 
more frequently after the second stage 
than the first. In 4 cases where this severe 
reaction occurred after cystotomy, at the 
second stage there was almost no febrile 
reaction. I am therefore impressed with 
its possibilities for the future, if widely 
used, in reducing the incidence of infective 
complications. When the urethral catheter 
is passed for the first time the bladder is 
usually found to be much cleaner than 
without its use. 

I fully appreciate the occurrence of 
these infections both before and after 
cystotomy, also that some have a badly 
infected bladder before drainage is per- 
formed. In fact, some of the severest and 
most lasting febrile reactions follow simple 
cystotomy. In these we also inject 3 to 
4 oz. of 2 per cent acetone-alcohol-mer- 
curochrome solution into the bladder if 
the bladder is anesthetized. The acetone- 
alcohol solution is also poured into the 
prevesical space, or to the side of the 
bladder if a space is left for drainage, and 
excess of solution sponged away after 
soaking for a few minutes. If the bladder is 
not anesthetized, it is filled with 2 per 
cent aqueous solution. I am now using I 
to 2 oz. of a 1 per cent aqueous solution 
injected into the bladder twice a day for 
three days, both before and after the first 
and second stage operations. (A 0.5 per 
cent aqueous solution can be instilled and 
retained for a time through the indwelling 
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urethral catheter if one does not do the 
two-stage operation as a routine.) 

We have noted also the not infrequent 
sharp rise of temperature usually of short 
duration following the passage of a catheter 
or sound for the first time (after prostatec- 
tomy). I feel that caution and gentleness 
will minimize this reaction and that instru- 
ments passed on the ninth or tenth day are 
less likely to produce temperature than 
when used sooner. When the alcohol-ace- 
tone-mercurochrome solution is poured 
into the bladder, it undoubtedly destroys 
all or most of the pathogenic bacteria or 
inhibits them for a sufficient length of time 
to allow the tissue defense mechanism and 
protective leucocytic zones to be estab- 
lished. It, furthermore, has a mild but 
distinct hemostatic action. It seems logical 
also that this could be used in the same 
manner in any deep wounds about the 
kidney, ureter or bladder where contamina- 
tion with infected urine or pus is frequently 
encountered. It should materially aid in 
reducing secondary deep wound infec- 
tions. The alcohol-acetone-mercurochrome 
brought out by Dr. H. H. Young and his 
co-workers has proved eminently satis- 
factory for preparation of the skin before 
operation. It has the distinct advantage 
over iodine of not burning the skin of the 
genitalia. The persistence of the dye in 
the skin for five to ten days after operation 
is proof of its penetrating power. 

The rationale of using mercurochrome in 
prostatectomy is based upon the proved 
success of its use in childbirth and in 
cesarian section. This has been the subject 
of creditable comment by the Journal 
of the American Medical Association. The 
striking results of Dr. H. W. Mayes! 
after more than six years use in many 
thousands of cases are convincing. 

Just as obstetric cases, after vaginal 
examinations, are considered potentially 
infected, so must the bladder or prostate 
be considered after catheterization or 


1 Mayes, H. W. The use of mercurochrome as a 
vaginal antiseptic before cesarean section. Am. J. 
Obst. Gynec., 17: 5, 645, 1920. 
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cystotomy for urinary retention. The 
writer feels that one must find some analogy 
between the uterine cavity, cervix and 
vagina, and that of the bladder, prostate 
and urethra. It is interesting to note that 
Dr. Mayes' routinely pours 1 oz. of 4 
per cent aqueous solution into the uterine 
cavity after cesarian section and removal 
of the placenta, in addition to preliminary 
instillation of the vagina with the same 
solution. Reduction in morbidity and 
mortality has been impressive. Moreover, 
positive cultures from the vagina were 
reduced from 44 per cent to 6 per cent, 
from the cervix 16 per cent to 4 per cent, 
and from membranes 32 per cent to 6.4 
per cent. It is worthy of note that bacteria 
are killed in one hour by mercurochrome 
in ‘dilution of 4909 in amniotic fluid. 

While I have not used the method exten- 
sively enough to draw definite conclusions 
from it, I am impressed with clinical 
results. It appears likely that its wider 
use may prove its value in materially reduc- 
ing complicating infections in cystotomy 
and prostatectomy for the relief of pro- 
static obstruction. We believe that, in 
the future, the use of penetrating antisep- 
tics may come to occupy a definite place 
in reducing the incidence of these infec- 
tions, thereby reducing morbidity, delayed 
convalescence, and even mortality. 

The following statement by the manu- 
facturer of mercurochrome is impressive: 

As has been demonstrated by reference to 
the medical literature, mercurochrome has 
proved to be relatively non-irritating and non- 
destructive of body cells. Its penetration is 


1 Mayes, H. W. A bacteriological study of the value 
of mercurochrome as a vaginal antiseptic with partic- 
ular reference to its use in obstetrical cases. Surg. 


Gynec. Obst., 51: 345-352, 1930. 
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deep and it is, moreover, very active against 
bacteria. More important, however, is the fact 
that it remains in the tissues, in spite of exu- 
dates and lavage, in sufficient strength to pre- 
vent the growth of any organisms which may 
find their way into the wound subsequent to 
the original injury or operation, and also that 
it inhibits and finally kills very resistant 
bacteria. 

We present these ideas for your further 
consideration and application. 


TECHNIQUE 


The following routine is recommended: 

1. At cystotomy: Fill bladder and pre- 
vesical space with 2 per cent acetone- 
alcohol-mercurochrome solution, if bladder 
is anesthetized. Use 2 per cent aqueous 
solution if not anesthetized. After a few 
minutes the excess of solution is sponged 
away. 

2. At prostatectomy: Fill bladder and 
prostatic bed with 2 per cent alcohol- 
acetone-mercurochrome solution, also fill 
any space left in front or to the side of 
bladder. After a few minutes, excess of 
solution is sponged away. 

3. Preoperative and postoperative: Instill 
I to 2 oz. of I per cent aqueous solution 
through suprapubic tube twice a day 
for three days after cystotomy, also for 
three days before and three days after 
prostatectomy. 

Instill 0.5 per cent aqueous solution 
into infected bladder before cystotomy. 

Use 0.5 per cent aqueous solution twice 
a day for three or more days before opera- 
tion in patients wearing the preliminary 
urethral retention catheter. 

(Nos. 1 and 2 are most essential. We 
have carried out No. 3 in a few of the later 
cases.) 


PLASTIC SURGERY AND THE SPECIALISTS* 


Jacques W. M.D. 


NEW YORK 


HE establishment of plastic surgery 

services in teaching institutions and 

general hospitals is a comparatively 
recent occurrence, on which much of the 
future development of this specialty de- 
pends. This was not accomplished however, 
without opposition from certain medical 
groups, which considered plastic surgery 
not as an independent unit, but as a work 
to be included in the hitherto recognized 
surgical sections. Any new trend in medi- 
cine or surgery is apt to meet with some 
opposition, at least in the beginning, due 
largely to the lack of comprehension, and 
also to the natural reaction of those en- 
gaged in other specialties, who fear en- 
croachment. However, in the interest of 
surgical advancement, as well as for the 
benefit of the patients, these objections 
must be disregarded. 

The purpose of this paper is to shed light 
on the important indications for plastic 
and reconstructive surgery and its rela- 
tionship to other surgical and medical 
specialties. 

The status of plastic surgery in most 
general hospitals is as yet undetermined. 
In some hospitals this specialty is organized 
as an independent service, in others it is 
connected with oral surgery of rhino- 
laryngology; in many institutions the 
medical boards do not yet realize the 
necessity for this special service. Thus in 
each instance the medical staff renders its 
own interpretation on this subject. It is 
obvious that the sound development of a 
specialty is possible only when left to its 
normal boundaries and not hampered by 
arbitrary restrictions. 

A great number of conditions require 
plastic repair and it is evident that this 
surgery should be duly represented among 
the other specialties in any modern hospital. 


EMERGENCY REPAIR IN RECENT WOUNDS 


Recent injuries of the exposed parts of 
the body do not always receive the atten- 
tion they require with a view to the preven- 
tion of deformities and preservation of 
function. 

The National Safety Council reports 
over 97,000 deaths in this country in 1929 
due to accidents of all kinds and 31,500 
deaths due to automobile accidents alone.! 
The Department of Commerce reported 
23,000 deaths from industrial accidents 
in the United States in 1929, 3,000,000 
injuries and a money loss totaling $1,000,- 
000,000 as the result of such accidents.? 
This unusually high accident and death 
rate calls for serious consideration. A 
thorough emergency repair of these injuries 
will go far in the prevention of conspicuous 
deformities and in the reduction of a great 
economic waste. 

Severe automobile injuries are usually 
seen first in the emergency room of a 
general hospital; industrial accidents are 
generally taken care of in clinics main- 
tained by insurance companies. The vast 
number of highway and industrial acci- 
dents in this country in itself justifies the 
establishment of appropriate facilities in 
general hospitals for the care of these 
cases. 

The importance of a thorough early 
repair must be properly estimated; hema- 
toma, infection and inaccurate adjustment 
of tissues will result in a prolonged healing 
process with undue scar formation, de- 
formities and disturbance of function. The 
healing process of a properly treated wound 
which requires at most a few weeks, if 
given inadequate first aid, may drag on for 
months and even years, thus causing unnec- 
essary suffering and economic waste*(Fig. 1). 
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Emergency surgery in extensive lacera- 
tions of soft tissues, particularly those of 
the face and neck should not be left to the 


Fic. 1. Male, aged twenty-eight, showing condition of 
face three weeks after injury sustained in elevator 
crash. I was called to see the injured who was 
treated in a municipal hospital, three weeks after the 
accident, during which time no repair had been 
attempted. Seven plastic operations were required 
for the repair of the nose, eyelids, cheeks and lips 
and for the relief of nasal obstruction. A great 
economic loss as well as suffering might have been 
avoided if proper emergency repair, consisting in 
the immediate readjustment of the displaced struc- 
tures had been carried out. (The surgical repair of 
this case is described by me elsewhere.*) 


interne, as is usually the case, but should 
be done under the supervision of a com- 
petent plastic surgeon. If the accident 
occurred several hours before the injured 
is brought to the hospital and under 
unfavorable aseptic circumstances, it is 
safer to disinfect the wound and postpone 
the surgical repair for from twenty-four to 
forty-eight hours, when the culture of the 
wound proves negative. The application of 
moist and warm dressings and the liberal 
use of Dakin’s solution are of great help in 
bringing about a thorough disinfection. 


* Maliniak, J. W. Important factors in surgery 
of congenital and acquired facial deformities. To be 
published in the New Jersey State M. J. Read at the 
Annual Meeting, N. J. State Med. Soc., June, 1931. 
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Post-traumatic repair of soft tissues 
performed without haste in a_ properly 
equipped operating room with the use of 


Fic. 2. Female, aged twenty-five, presenting extensive 
scarring of neck and chin caused by burn sustained 
at age of two years. Numerous unsuccessful attempts 
to correct deformity made elsewhere. Scarring of 
right breast is caused by Thiersch grafting of area 
from which full thickness flap was transferred to 
neck. Patient shows marked tendency to keloids. 
Tubed skin flap on back was prepared by me to 
provide covering for left side of neck after excision 
of remaining scars. This will require several stages. 


fine suture material and without undue 
tension will provide a far more satisfactory 
end-result than that obtained by immediate 
repair in the emergency room. 


LATE REPAIR OF WOUNDS 


Burns and motor accidents cause the 
largest group of acquired disfigurements. 
The management of burns resolves itself 
into a real problem, as it requires the 
most painstaking and elaborate recon- 
structive procedures. A satisfactory esthetic 
and functional restoration of the burned 
area is essential, as the end-result will 
naturally affect the function of the involved 
part as well as the professional and social 
status of the patient. Wounds exposing 
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nerves, tendons and joints require a more 
adequate protection, which is provided by 
pedicled flaps from the vicinity, or by 


Fic. 3B 


Fic. 3A 
Fic. 3. Reconstruction of highly hypertrophic ptosed 
breasts in multipara aged thirty-one. Patient suffered 
from dragging sensation around shoulders and pain 
in chest, caused by weight of breast. Hypertrophy 
of breasts out of proportion with slenderness of body. 
Marked mental depression present. Reconstruction 
of breast done by method of subcutaneous trans- 
position of gland, resection of fat tissue and masto- 
pexy to pectoral fascia. Scars in submammary fold 
and around nipple are inconspicuous. 


free full-thickness grafts. When the in- 
volved parts do not interfere with an 
important function, a thick Thiersch graft 
will suffice as a covering. The esthetic 
aspect in the restoration of facial burns is of 
paramount importance and requires a skin 
graft which matches the surrounding area 
in texture and color; 4 pedicled skin flap 
may not be available, and if so additional 
scarring is added; full thickness grafts 
show a great tendency “to take” on the 
forehead, but are prone to failure if 
applied on the cheek and neck where com- 
plete immobilization of the region is more 
difficult. 

A pronounced tendency to contraction Is 
shown by thin skin grafts and this is to be 
considered in connection with their use in 
wounds around the facial cavities and neck. 
The choice of the type of skin required 
should be uppermost in the mind of the 
surgeon who attempts this type of repair 
(Fig. 2). 
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The possibility of reconstruction of large 
defects following cancer surgery, especially 
in the maxillofacial area will encourage a 


Fic. 4A Fic. 4B 
Before After 
Fic. 4. Nasal reconstruction for excessive length of 
nose with convex profile and hanging columella. 
Correction done under local anesthesia by endonasal 
route. Unesthetical disproportion between high 
forehead and short chin disappeared by 
shortening of nose: marked improvement in facial 
contour due to nasal reconstruction as well as to 
relief from psychic depression. 


proper 


more complete eradication of the disease 
and thus further the chances of cure. 


PLASTIC REPAIR OF PENDULOUS, 
HYPERTROPHIC AND ATROPHIC BREASTS 


This phase of reconstructive surgery has 
been until recently, largely neglected. 
Indications for this surgery are many 
and criticisms on the part of those 
unfamiliar with this subject, groundless. 
A review of the literature of the 
past two decades reveals the great interest 
shown in this subject by leading European 
surgeons. The names of Morestin,‘ Lexer,° 
Joseph,® Dartigues,’ are closely connected 
with the surgical procedures described for 
the relief of this condition, and are of 
sufficient weight to warrant greater interest 
on the part of the medical profession. On 
several occasions the writer has operated 
upon patients with highly ptosed hyper- 
trophic breasts, who were previously 
advised to have their breasts amputated; 
a breast plastic operation in these cases not 
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only spared the patients the horror of 
amputation but restored the contour of the 
breast and its normal topography. The 


Fic. 5A 
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quired nasal deformities done with proper 
skill and strict asepsis should uniformly 


Fic. 
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The correction of congenital and ac- 


5B Fic. 5c 


Fic. 5. A. Loss of both alae nasi and greater part of nasal covering resulting from galvanocauterization of rhinophyma 
done elsewhere. 8. Tubed temporal flap, previously delayed, used for nasal covering. Lining provided by nasal 
skin secured from above the defect. Forehead repaired by repeated excisions of scar area. c. Final result after 


returning pedicle to forehead. 


surgical procedure of choice for the correc- 
tion of hypertrophic and atrophic prolapsed 
breasts has been fully described by me ina 
separate paper® (Fig. 3). 


PLASTIC REPAIR IN OTORHINOLARYNGOLOGY 


A rhinologist does not always possess 
the necessary skill and artistic inclination 
essential for the successful performance of 
rhinoplasties and otoplasties, which are 
the most common indications in otorhino- 
laryngology. Rhinological as well as general 
surgical training is essential for this sur- 
gery, in addition to which a fully developed 
sense of proportion and harmony is a 
prime requisite. The rhinologist usually 
does not receive the strict aseptical training 
of the general surgeon and aseptic facilities 
are often lacking in a nose and throat 
operating room. The association of plastic 
surgery W ith the rhinolaryngological serv- 
ice in a general hospital is therefore 
entirely out of place. In addition to rhino- 
plasties (corrective, partial and total), 
plastic repair is indicated in atrophic 
rhinitis,? narrowing of nasal cavities by 
transplantation of cartilage into the sep- 
tum and floor of the nose, in nasal atresias, 
etc. Other indications are the closure of 
large defects following mastoidectomies, 
tracheotomies, etc., and otoplasties. 


be followed by a satisfactory functional 
and esthetic end-result (Fig. 4). Any 
factors which may endanger the surgical 
procedure such as general anesthesia, 
endonasal or paranasal infections, lues, 
etc., should be carefully eliminated. The 
vital importance of partial or total nasal 
reconstruction can be fully appreciated 
only by those who frequently deal with 
patients requiring this surgery (Fig. 5). 

While partial ear reconstruction is com- 
paratively easy, the end-results in total 
otoplasty leave much roomfor improve- 
ment. 


PLASTIC REPAIR IN OPTHALMOLOGY 


Surgery of paraorbital, congenital and 
acquired deformities is of vital importance 
as it usually aims not only to correct the 
disfigurement, but especially to reestablish 
the functional disturbances. The majority 
of ophthalmologists do not perform plastic 
operations around the orbital region, but 
some of them practice this surgery with 
great skill and have contributed much to 
its development.’ The most common 
indications for plastic repair in this field 
consist of cicatricial contractions around 
the eyelids and eye sockets due to me- 
chanical injuries, and burns. 
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Shifting of skin flaps from the vicinity 
and the use of free skin grafts meet with 
far greater difficulties here than in any 


Fic. 6. Female aged twenty-five. Showing condition 
twenty-four years after six unsuccessful attempts 
to repair unilateral cleft lip and cleft palate; note 
pronounced scarring, flattening and shortness of 
lip, absence of vermilion border and deformity of 
right nostril. Plastic repair of this condition would 
require total reconstruction of lip by two pedicled 
flaps from lower part of cheeks, indication for which 
in this case seemed questionable. Palate was 
inoperable. 


other part of the body because of the 
different varieties of skin covering which 
comprise this region and their functional 
importance. A thick skin graft for the 
forehead, hair bearing skin for the eyebrow 
and a graft of fine texture for the eyelids 
must be used to obtain a satisfactory 
anatomical and functional restoration of 
this area. 


CLEFT LIP AND CLEFT 
PALATE 


ORAL SURGERY: 


Notwithstanding the progress made in 
this surgery during the last decade, we 
still too often see end-results in cleft lip 
and cleft palate operations which leave 
much to be desired from functional and 
esthetic points of view (Fig. 6). The sur- 
gical technique at our disposal today for 
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the repair of a cleft lip deformity is of 
such precision as to preclude the possibility 
of further failures in this surgery. In the 


Fic. 7B 
Fic. 7. A. Incomplete unilateral cleft lip repaired at 
age of six weeks. Bs. Condition of lip at age of eight 
months. Length and thickness of lip as well as 
continuity of vermilion border altogether normal; 
flattened right nostril corrected at same time. 


more complicated types of double cleft 
lip and cleft palate, satisfactory end- 
results can be expected if this surgery is 
done in successive stages.'! The general 
principles of reconstructive surgery are to 
be applied here as in other large skin 
defects: the proper outlining of flaps 
provided with adequate blood supply, 
sufficient undermining of the surrounding 
skin and mucous membrane, avoidance of 
tension, and the use of fine suture material 
are the deciding factors which make for a 
successful end-result (Fig. 7). The necessity 
for an early operation of cleft lip, four to 
five weeks after birth, and the closure of 
the palate at the age of from twelve to 
eighteen months is to be strongly impressed 
upon the mind of the obstetrician and 
pediatrician. Early and competent speech 
training in young children is required to 
assure a good functional result without 
which even the most successfully closed 
palate is a partial failure. 


PLASTIC REPAIR IN DERMATOLOGY 


The application of plastic surgery pro- 
cedures is of untold value in dermatological 
practice in dealing with large congenital 
or acquired skin malformations. Large 
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nevi, hemangiomas, lymphangiomas, fi- 
broids, hairy moles and different types of 
pigmented skin areas can often be eradi- 
cated by repeated excisions, leaving no 
trace of surgical intervention other than a 
linear scar. If shifting of the surrounding 
skin cannot be accomplished, free or 
pedicled skin grafts may be used. Although 
radiation (x-ray and radium) in the treat- 
ment of these skin conditions is often 
followed by improvement, the misuse 
of this therapy is too often uncalled 
for. The treatment of extensive skin 
blemishes, by radiation exclusively, often 
involves a great economic waste and 
thereby subjects the patient to the most 
trying mental distress. The writer has yet 
to see a case of a nevus completely eradi- 
cated by this method. Prolonged trradia- 
tion is always followed by a scarred skin 
which stands out conspicuously from the 
surrounding area. 


SUMMARY 


Because of its extensive development 
plastic surgery has become an indispensable 
surgical unit in the general hospital. 

The relationship of this surgery to other 
specialities must be based on its definite 
indications. 

The manifold problems involved in the 
prevention and treatment of deformities 
caused by automobile and industrial acci- 
dents as well as by burns can be properly 
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INJECTION TREATMENT OF HEMORRHOIDS* 


FRANK C. YEOMANS, M.D., F.A.C.S. 


NEW 


F the therapeutic measures available 
for the treatment of uncomplicated 
internal hemorrhoids, the injection 

method is still not clearly understood by 
physicians in general, nor are its merits 
fully appreciated. Doubtless this is due to 
the prejudice engendered by its un- 
fortunate early history. 

In 1870, Mitchell of Clinton, Illinois, 
first used carbolic acid as the injecting 
agent. Irregular practitioners, mostly itin- 
erant, exploited the method, treating all 
types of hemorrhoids, often under un- 
favorable circumstances and with too 
strong solutions. Ulcerations, sloughing, 
and other complications occasionally en- 
sued, but less frequently than we might 
expect in view of the circumstances. 
As a consequence, reputable physicians 
ignored the treatment without seriously 
investigating it. However, during the past 
twenty-five years, many surgeons in various 
parts of the world, have investigated this 
form of treatment, defined the classes of 
cases in which it is suitable and placed 
it on a scientific basis. As a result, treat- 
ment by injection has grown in popularity, 
especially during recent years. Striking 
evidence of this is the frequent request by 
physicians for this form of treatment when 
they themselves are suffering from hemor- 
roidal disease. 

Selection of Cases. The success of the 
treatment depends on the selection of 
suitable cases. External piles should never 
be injected, although I have seen cases so 
treated by inexperienced physicians with 
disastrous results. Only uncomplicated cases 
of internal hemorrhoids are suitable for 
treatment by injection, and this comprises 
about 65 per cent of all cases of internal 
hemorrhoids. 

Complications which  contraindicate 
treatment by injection are certain patho- 


YORK 


logic changes in the hemorrhoids them- 
selves. Markedly ulcerated, inflamed, 
strangulated, thrombosed, or gangrenous 
hemorrhoids, and prolapsing piles which 
have undergone advanced fibrosis, should 
be operated upon and not injected. Com- 
plicating pathology which bars injection 
includes hypertrophy and spasm of the 
anal sphincters, inflamed skin tabs, fissure, 
fistula, and rectal polypi. However, when 
these conditions have been corrected by 
surgery, the hemorrhoids, unless removed 
at the same time, may be injected. 

A word of caution may be expressed 
here when it is realized that 15 per cent or 
more of patients with carcinoma of the 
rectum have had hemorrhoidectomy per- 
formed within one year of the time they 
present a growth palpable by the finger. 

Hemorrhoids secondary to mechanical 
conditions such as displacements of the 
uterus, cirrhosis of the liver and a “‘back 
pressure” of uncompensated heart disease 
may recur, whether operated upen or 
injected. In these major states, treatment 
should be directed to the causal condition. 
Injection of the hemorrhoids is contra- 
indicated and unjustified unless the piles 
cause great discomfort, and bleeding is 
more than is salutary in relieving high 
blood pressure or venous congestion. 

Prolapse of the hemorrhoids does not 
oppose injection unless the sphincters are 
markedly relaxed or weakened by inexpert 
division of the muscles, as in an operation 
for fistula. 

Treatment by injection, then, is indi- 
cated in all uncomplicated cases of internal 
hemorrhoids, including those which pro- 
lapse, provided that the prolapse is not 
due to loss of sphincter control. Suitable 
cases include particularly the anemia 
dependent upon hemorrhoidal bleeding in 
which the results are instant in checking 
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hemorrhage. In the early cases of dis- 
comfort and_ slight bleeding, patients 
readily accept treatment by injection but 
defer operation until severe symptoms 
develop. Injections are safe in pregnancy, 
cardiac and renal disease, in diabetes and 
in the aged. Persons not able to spare the 
time from business or other engagements 
for operation will frequently accept treat- 
ment by injection. 

Chemical Agents. Carbolic acid in various 
combinations is the essential popular 
agent. I commonly use a modified Shuford’s 


solution: 


Phenol 51 
Acid salicylic 38s 
Sodium boratis 51 


Glycerin (sterile) q.s. ad 31 


This makes a 1214 per cent solution of 
phenol. A 10 per cent solution of phenol in 
equal parts of glycerin and water is equally 
good. Another combination is a 5 per cent 
solution of phenol in vegetable oil-sweet 
almond or cotton seed. The tendency has 
been from stronger to weaker solutions. 
Those under 10 per cent are not efficient, 
while strengths above 20 per cent are prone 
to produce tissue necrosis rather than the 
desired aseptic inflammatory reaction. An 
inherent virtue of phenol is that it is 
slightly anesthetic and a strong antiseptic. 

The only other drug used extensively for 
injection Is quinine and urea hydrochloride 
in a 5 per cent aqueous solution. Terrell of 
Richmond, Virginia, first employed this 
drug in 1913 and, in 1924, reported that he 
had used it in 3000 cases, stating that “‘the 
results have been uniformly good.” He 
had no deaths and only a few minor 
complications. Before using this drug, one 
should ascertain if the patient has an 
idiosyncrasy to quinine. 

Dukes studied microscopically the 
changes provoked in the tissues by injec- 
tion of phenol solution in 10 patients. 
After injection in the usual way, the 
injected hemorrhoid and a control, not 
injected, were removed at intervals of 
from one to twenty-one days. He concludes: 
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Carbolic acid, being a powerful irritant to 
the tissues, initiates an aseptic inflammation, 
characterized by a dilatation of the vessels, 
emigration of leucocytes, and transudation of 
lymph. By these means the alien liquid is 
diluted and removed, therefore the inflamma- 
tion quickly subsides. All the changes observed 
microscopically represent the effort of the 
tissues to repair an injury. The curative effect 
of injections does not depend upon any specific 
action of the chemical substances. The early 
inflammatory changes which occur in the first 
three days do not play any important part 
in the cure of hemorrhoids; it is the secondary 
changes, in particular the intravascular clot- 
ting and subsequent fibrosis, to which any 
beneficial effect must be ascribed. 


Technique. No anesthesia is used. The 
patient with rectum empty, is placed in the 
left lateral position with hips at the edge of 
the table. Good illumination is essential. 
Some surgeons use an open end anoscope 
but I prefer a Brinkerhoff speculum. This 
is smeared with lubricating jelly, not 
vaseline, and introduced into the rectum 
and so adjusted, as its slide is withdrawn 
to the dentate line, that the pile to be 
treated prolapses into the slot. For accurate 
control of the amount of fluid injected, a 
1 c.c. all-glass syringe with a goose-neck 
extension and a short, sharp needle of 25 
gauge is satisfactory, or 20 gauge for oil 
solutions. The mucosa is wiped dry and the 
point selected for puncture is touched 
with an antiseptic. The needle is inserted 
just above the base of the hemorrhoid and 
advanced to its center. Depending upon the 
size of the hemorrhoid and degree of 
prolapse, from 5 to 15 minims of the solu- 
tion are injected very slowly. After its 
withdrawal, a pledget of cotton is applied 
to check any slight oozing of blood. 
Vaseline is then smeared over the surface of 
the pile and the speculum removed, care 
being taken to restore the piles well within 
the rectum. 

Some surgeons Inject 2 or more hemor- 
rhoids at one sitting. I usually treat 
one at a sitting and at intervals of from 
five to seven days. Four to eight treat- 
ments suffice for an average case, but 
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the injections should be continued until 
all the hemorrhoids are completely 
shrunken. 

An accurate record is kept of the date, 
amount and kind of solution, and site of 
injection. The patient should refrain from 
severe physical exertion during twenty- 
four hours after each treatment, but may 
keep business engagements. He is allowed 
his usual diet and daily bowel actions are 
encouraged. He is especially instructed to 
replace within the rectum any protrusion 
immediately that it occurs. 

When prolapse is a marked feature, the 
1 to 5 per cent solution of phenol in oil is 
effective. From 2 to 5 c.c. of this solution 
are deposited beneath the loose rectal 
mucosa at the upper pole of the hemorrhoid. 
The ensuing fibrosis draws up and attaches 
the mucosa to the muscularis and fre- 
quently at the same time obliterates the 
pile. If the latter persists, it is later inject- 
ed directly. 

Complications after injection are rare 
and are usually due to faulty technique, 
use of too much or too strong solutions, 
or injecting unsuitable cases. 

Hemorrhage, if any, should be con- 
trolled by pressure before the speculum is 
removed. 

Slough of mucosa indicates that too 
much fluid has been used or that it has 
been deposited too superficially. It is 
better to inject too little rather than too 
much fluid. 

Infection, which should never occur, 
may result in a marginal abscess and a 
fistula. 

Abscess of the liver and septicemia have 
been reported but have not come within 
my experience. 

Pain. Both the introduction of the 
needle and the injection should be pain- 
less. Pain at the time of treatment is 
evidence that the injection was made so 
near the dentate line that some of the 
solution infiltrated beneath the highly 
sensitive lining of the anal canal. A tran- 
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sient feeling of weight and fullness in the 
rectum passes off in a few hours. 

By local examination forty-eight hours 
after treatment, the injected pile is felt 
as a firm swelling, tapering above into a 
cord-like induration. If the injected pile 
has not shrunken completely at the end 
of two weeks, it is injected again. 

There is nothing secret or mysterious in 
the injection method of treatment, but 
experience develops confidence and skill 
in its application. The technique is com- 
paratively simple but must be observed 
with scrupulous detail. The beginner will 
avoid needless anxiety and possible com- 
plications by first observing the procedure 
in the hands of a competent operator. 
Injection of an occasional patient by 
persons without definite knowledge of the 
indications and technique invites disaster 
and casts discredit on the method. 

With flawless technique in suitably 
selected cases, the injection method, more 
than any other, complies with the criteria 
of a satisfactory ambulatory treatment, 
VIZ. : 

No anesthesia. 

Little or no pain during or after the 
treatment. 

No detention 
duties. 

Prompt symptomatic relief and a large 
percentage of permanent cures, the parts 
being left in a sound condition and func- 
tioning normally. 

Economy for the patient in time and 
hospital charges, and for the hospital in 
sparing beds for more serious cases. 

During the past sixteen years I have 
employed the injection method of treat- 
ment in several hundred cases with very 
satisfactory results, no deaths or serious 
complications. Recurrences in from two to 
five years are estimated to occur in 5 to 
15 per cent of cases. However, as the 
treatment is not onerous, patients with 
recurrence are so well satisfied that they 
frequently return for another course of 
injections. 


from business or social 


THE PROBLEM OF 


THE CARTILAGE IMPLANT* 


HE growing necessity of use for a 

malleable material for implants in 

reconstructive surgery has led to 
special study of cartilage as a medium. 
Heretofore cartilage has been more or less 
regarded as an ambergris-like product, 
shaped with difficulty, infective to the 
highest degree and liable to absorption. On 
the contrary it is an easily accessible sub- 
stance, available in assorted sizes and 
amounts sufficient to excess for ordinary 
reconstructive purposes. It, while subject 
to infection, reacts remarkably well and 
given ordinary antiseptic aid usually re- 
mains in situ with surprisingly small loss 
of substance. 

There have been various schools and 
individuals, who attracted by the ease of 
procuring isogenic implant material, have 
mustered up a regiment of toothbrush 
handles and associated materials such as 
paraffin, pyralin and the celluloids in place 
of autogenous grafts. The controversy 
has been classified by the observation that 
infected cartilage may be left in situ with a 
high percentage of retainment, while 
brave is the surgeon who will battle infec- 
tion by leaving an inorganic foreign sub- 
stance in a pyogenic battlefield. 

The choice of cartilage depends upon the 
amount necessary for reconstruction and 
whether the implant is to serve purely 
cosmetic or partial functional purposes. 
For example a nose with a slight saddle defi- 
ciency (Fig. 2A) or one with an exag- 
gerated dish face deformity (Fig. 3A). 

If only a small amount of replacement 
material is necessary as in a “first degree” 
saddle nose the lateral nasal cartilages offer 
an excellent substance from adjacent terri- 
tory. If a larger amount Is necessary as a 
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primary or secondary implant, ear cartilage 
will yield a limited amount. When a goodly 
supply is demanded the costal cartilages of 
the seventh, eighth and ninth ribs on both 
sides are available. The right side is usually 
chosen because of less chance of cardiac 
concussion and lessened possibility of 
pericarditis following a possible pleurisy. 
In infants or children, where there is hesi- 
tancy in approaching the chest, the crest 
of the iltum up to puberty offers an easily 
accessible supply. There are advocates of 
septal cartilage which is brittle and almost 
useless and of the turbinal bones which are 
noted for their inability to withstand infec- 
tion and as chronic bacterial hosts. 

Ear, lateral nasal, and costal cartilage, 
aseptically handled will exist implanted 
without bony contact in contradistinction 
to bone grafts which demand bony con- 
tact. The question of absorption or growth 
is, I believe, fairly well settled in the 
minds of the men dealing with implants.! 
Absorption does not occur in the absence 
of infection or of long continued surround- 
ing hematomas. Whether or not cartilage 
transplanted before puberty (Fig. 4 a and 
B) will grow in correspondence with body 
growth is a mooted question, which I 
think may be answered by the fact that 
operative necessity to prevent curling of 
the implant necessitates the stripping of 
the perichondrium which furnishes the 
growth stimulation. The fact is, that carti- 
lage transplanted lives entirely in the 
surrounding lymph juice, deriving its 
nourishment as a parasite much the same 
as a skin graft’s early existence. 

For a long time the school which advo- 
cated bony grafts for plastic reconstructive 
surgery flourished. When public demand for 
cosmetic as well as functional results 
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METHOD OF UTILIZING COSTAL CARTILAGE FOR RECONSTRUCTION OF NASAL DEFECTS. 
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Fic. 1. Costal cartilage implant route. Pithwood is used for model material as it is easily fasionshed and stands 
autoclaving perfectly. 
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triumphed, the nonabsorption and mal- 
leability of cartilage were the deciding 
factors.2, The argument for bone grafts 


r 


Fic. 2A Fic. 2B 


Fic. 2a. Slight saddle deficiency which caused bad 

““camera angle” in moving picture photography. 
Fic. 28. Corrected by costal cartilage implant. 
with the necessity of bony contact—the 
difficulty of modeling—the higher level of 
aseptic technique demanded, and the lower 
resistance to infection, were countered with 
the argument that cartilage eventually 
became bony. If this be true and portions 
of the cartilage implant do become ossified, 
once function is fulfilled, an added value is 
created. 

In facial reconstruction involving a 
return of nasal, malar, frontal, zygomatic, 
or mandibular appearance the use of the 
plaster cast as a model is of primary 
importance (Fig. 1). Once the cast is made, 
modeling clay or plasticine is used to re- 
build the missing portions. This in turn is 
replaced by a model carved from pithwood 
which handles a great deal like cartilage 
and autoclaves without loss of shape. It 
may be suitably marked as to orientation. 
One should remember that there is a tend- 
ency to build up with connective tissue 
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around the graft, which allows for a slightly 
smaller graft than called for by a seemingly 
correctly sized model. 


Fic. 3A 

Fic. 3A. Dish face deformity interfering with breathing. 

Fic. 38. Function restored by hinged costal cartilage 
implant. 

The obtaining of the costal cartilage has 
been described in practically every surgery 
of any latitude. Yet to the beginner it 
presents a real difficulty because of the 
ordinary variations of the costal arch. A 
straight incision some 10 to 12 cm. in length 
starting at the right of the xiphoid process 
will ordinarily reveal a fruitful field. A 
small rule measuring the model and 
applied to the costal cartilage in situ will 
aid in gaining the required amount. The 
error is usually in obtaining too little. It 
is to be remembered that a double amount 
is required to offset not only possible 
trouble in modeling but to supply an extra 
amount for refrigeration. This is placed 
under adjacent skin so that if there is 
need, countenanced by trauma or infection 
in the implanted site, of more cartilage, 
then there is an added supply at hand 
without the painful possibility of reentering 
an already plundered costal cartilage field. 
Most postoperative hematomas occurring 
in the costal area following cartilage 
removal come from the injured branch of 
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the internal mammary artery which may 
be avoided by staying close to the posterior 
side of the costal cartilage. Ordinarily the 


Fic. 4A Fic. 4B 

Fic. 4A. Nose broadened and breathing interfered with 
by septal abscess allowing proximal upper nasal 
respiratory passage to collapse. 

Fic. 48. Condition improved by 
implant. 


costal cartilage 


wound is closed without drainage but a 
troublesome spurter or an inability to fill 
in the dead space occasioned by removal of 
the cartilage indicates forty-eight hour 
drainage. 

The modeling of the costal cartilage for 
nasal reconstruction is divided into straight 
and hinged pieces. If it is desired to provide 
a columellar splint as well as a_ bridge 
reconstruction, care must be taken in 
stripping the perichondrium to leave the 
perichondrium attached at the hinge and at 
the tip, to attach to the inferior maxillary 
spine. The perichondrial hinge should be 
made Jax enough so that contraction will not 
have a tendency tostraighten out the pieces, 
causing an irregularity of the nasal profile. 

Once the cartilage chunk is lifted from 
the chest wound it is transferred to a sep- 
arate sterile table, preferably off in one 
corner of the room where the operator can 
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shape the model unmolested while the 
assistant closes the chest wound. Ordina- 
rily the obtaining of the graft is the first 


Fic. Fic. 58 

Fic. 5a. First degree saddle nose with wide bridge. 

Fic. 58. Reconstructed by implant of patient’s ear 
cartilage. 


operative step as this allows a clean field. 
Much has been said about the possibility 
of losing the graft on account of its slipperi- 
ness while being worked with. I have 
found that a large piece of pithwood makes 
an excellent working base. I can see no 
objection to holding the cartilage with the 
gloved hand or a piece of gauze instead of 
the customary instrument technique which 
while it theoretically lessens aseptic pit- 
falls, renders correct modeling difficult. 

The most perplexing problem with the 
costal cartilage grafts aside from preven- 
tion of infection is the avoidance of curling 
after implantation. The desire to take 
advantage of the natural curve oftentimes 
found in the extracted piece may lead to 
difficulties in over-correction once the 
natural spring of the cartilage is released 
for several hours from its surrounding 
anatomical restraints. Most operators have 
realized the necessity of completely strip- 
ping the perichondrium to avoid bending 
when the perichondrium contracted, unless 
there was a desire to take advantage of 
this fact. I have found that once the peri- 
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chondrium is removed the graft is best 
modeled by scraping with a Bard Parker 
No. 15 blade, the pithwood model, a 


Fic. 6B 


Traumatic saddle nose. Nasal arch has been 
impacted markedly. 

Fic. 68. Costal cartilage implant through columellar 

incision. 


Fic. 6a. 


rule and measuring calipers at hand 
to aid. 

Most textbooks speak of hollowing the 
under surface of the graft implant in order to 
prevent side slipping. I believe this is one of 
the most potent reasons for the graft’s curl- 
ing, aside from incomplete removal of the 
perichondrium and as the average surface 
which the implant is placed on ts flat, simple 
roughening of the under surface is suflicient. 

The use of ear cartilage where a moder- 
ately long flat piece of slight thickness is 
desired is to be considered (Fig. 54 and B). 
There is a lack of stability due to absorp- 
tion of possible eventual ossification, 
which with the limitation of material 


renders it a source of definite qualifications. 
However, to the public, it is a well known 
plastic crutch, the charlatan relying on the 
fact that there is quick connective tissue re- 
sponse to bolster up the implant, follow- 
ing recession of the swelling. 


This added 
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to the cartilage accessibility is used as an 
“office operation” selling talk with the 
erroneous statement that ear cartilage 
persists while costal cartilage is absorbed.* 

The great majority of operators prefer 
costal cartilage for the reasons enumerated. 
There is a possibility in cases before the 
age of puberty, where congenital or large 
traumatic defects are present, that an 
additional supply may be desirable. The 
crest of the ilium offers an easily accessible 
supply at this age. I have found occasion 
in several instances where a more perma- 
nent suture than chromic catgut was 
desired to keep large pieces of cartilage in 
approximation, that fascia lata strips were 
of value. Refrigeration of all excess carti- 
lage, that could possibly be of use if further 
implants are necessary, is accomplished by 
hoarding the excess under the skin of the 
abdomen or breast. Thought should be 
given of possible interference later by 
brassiere or waistline constriction. The 
changing feminine styles render this some- 
what of a guessing game. 

The placing of the modeled implant, 
whether it be nasal, mandibular, zygomatic 
or supraorbital, renders a problem of mak- 
ing the incision so as to render the scar as 
inconspicuous as possible. It seems infan- 
tile to mention “Langer’s lines” to any 
one who has read this far, but the helpful 
fact remains, that attention to the lines of 
subcutaneous tension and skin muscle 
attachment is important. Many an other- 
wise successful bit of plastic surgery has 
been discredited because the surgeon had 
planned his incisions unwisely. 

In preparing the subcutaneous pocket for 
the implant, it is well not to undermine too 
much or yet too little. The amount is 
determined by the elasticity of the skin and 
the necessity of the relief of skin distortion 
from old scars or scar tissue. Ordinarily 
in the reconstruction of a facial deformity, 
it may be well to consider whether or not 
additional plastic procedures may be neces- 
sary, before the placing of the implant. 
Total rhinoplasty‘ for instance, has been 
improved by the attachment of the fore- 
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head flap to the nasal base and a sufficient- 
time interval allowed to elapse, before an 
implant if then necessary, is placed. This is 


Fic. 7A. Old osteomyelitis of jaw. Patient has history 


of five previous operative attempts at reconstruction 
before having a cartilage implant. 


true also, in those conditions where a 
covering of thin scar tissue would but 
poorly tolerate the introduction beneath 
of cartilage or bone. In these cases prelimin- 
ary skin grafting, whether free or pedicle 
in nature is of value. The costal cartilage 
might be removed and refrigerated at the 


same time as the preliminary operation if 


desirous. Experience has proved in removal 
of portions of the mandible to be replaced 
later by an implant, that it is advisable to 
implant a temporary model of vegetable 
ivory, so that the pocket may be ready for 
the cartilage implant, without unnecessary 
dissection. 

The columellar lift® offers a satisfactory 
incision and exposure for saddle nose 
reconstruction by cartilage implants (Fig. 
6 A and B), regardless of whether they are 
of the adjacent lateral nasal, aural or costal 
cartilage origin. Mandibular defects are 
best attacked by an incision underneath 
the chin (Fig. 7 a and B). It is well in all 
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cartilage implants that the line of incision 
be not directly over the implant, to guard 
against postoperative swelling or moving 


Fic. 78. Costal cartilage implant 6 cm. long has been 
ath ink. 6 
placed through small incision underneath mandible. 


causing the incision to open and expose the 
implant. An interesting combination of 
cartilage implant and skin graft subse- 
quently, to move the implant to its ulti- 
mate goal is in the reconstruction of a 
total ear first suggested by Gillies’ and more 
recently used by Pierce.’ 

The external dressing of the area recon- 
structed by the insertion of the implant, 
consists somewhat of judicious neglect and 
efforts at immobilization. Twelve-hour 
drainage of the implant bed is more of an 
aid than a hindrance to asepsis, in the 
prevention of a hematoma surrounding the 
implant. 

I have given up any attempt to “through 
and through”’ suture, to hold the implant 
in place, except in children. Stent modeling 
compound, adhesive rolls and _ special 
metal splints are all applicable in their 
needed place. The Simpson intranasal 
splint used bilaterally at times serves 
admirably. Pressure splinting should be 
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maintained ordinarily from two to five 
days, then simple adhesive dressing. The 
regression of tissue swelling around the 
implant will be followed by connective 
tissue formation insuring adhesion and the 
filling in of subcutaneous defects. When 
this time arrives, following the period of 
doubt in the surgeon’s mind as to whether 
or not infection or viability is present, one 
is apt to be thankful for Nature’s tendency 
in this behalf. 

Should infection set in, incision and 
drainage at the proper location should be 
instituted at once. A large portion of the 
implant will ordinarily persist if left in situ 
even in the presence of a moderately acute 
infection. I have found a 1 to 1000 acri- 
flavine in water solution to be of great help 
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as an antiseptic. The problem of cartilage 
implants is one of the most fascinating in 
surgery and there are few more grateful 
patients than those benefited by successful 
carefully planned cartilage implants. 


SUMMARY 


1. Autogenic cartilage is much better 
than isogenic implants. 

2. For facial reconstruction cartilage 
offers a superior medium to bone. 

3. Reconstruction aided by casts, model- 
ing clay and pithwood models offers an 
accurate basis for restoration. 

4. Sufficient cartilage may be obtained 
from the nose, ears, ribs and ilium to sup- 
ply the average demand. 
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EDITORIALS 


APPENDICITIS 


EDICAL literature, like the style of doctors in the last twenty-two years, some 
one’s dress, changes with the times 


and to a certain extent in a faddist 
fashion. In the early days of John B. 
Murphy the mortality from appendicitis 
was exceedingly high (20 per cent or more), 
but because of his and others’ dingdong 
methods of bringing before the profession 
and laity the importance of an early diag- 
nosis and operation, it was cut in two. 
At that time no State or National Con- 
vention was without its article or articles 
on “Acute Appendicitis,” “Chronic Ap- 
pendicitis,” “Appendicitis with Peritoni- 
tis,” etc. But a lot of water has run under 
the bridge since 1909 when Murphy wrote 
his masterful article in “Keen’s Surgery” 
on that subject and hundreds of medical 
schools have brought forth thousands of 


of whom knew not Murphy or his teachings. 
Probably because the bright light of the 
attention -has been focussed on other surgi- 
cal conditions mortality in appendicitis has 
increased during the last ten years. 

When we consider that practically all 
acute abdominal emergencies occur on the 
right side and that the symptomatic if not 
the anatomical area for these can be 
covered with the outstretched hand, it is 
excusable at times if appendicitis is mis- 
taken for pelvic pathology, acute perfora- 
tion of a duodenal ulcer, gall bladder or 
pancreatic disease, kidney colic, to men- 
tion only the most likely. If it were true 
that all cases of acute appendicitis went 
on to rupture and abscess formation, there 
would probably be fewer deaths from this 
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disease because then both the profession and 
laity would demand operation as soon as the 
diagnosis was made and not wait to see if it 
could be “frozen out” or “scattered.” The 
trouble is that following an acute onset, we 
do not know which way the “cat is going to 
jump,” whether the infection will subside 
or go on to perforation. 

Of all the aids in making a correct 
diagnosis the most important is an intelli- 
gently taken history. A former president 
of the American Medical Association said 
a few years ago that a physician should be 
able to make a correct diagnosis in 70 per 
cent of his cases in his bathing suit, L.e., 
sans stethoscope, sans thermometer, sans 
pipets, sans everything. Granting that this 
is a little drastic it is nevertheless true 
that with a good history and physical 
examination a large proportion of cases can 
be diagnosed without laboratory aids. 
This is not intended to minimize the impor- 
tance of the latter but it is pathetic to 
see a physician waiting from one leucocyte 
count to another to decide whether his 
patient should be operated on or not. 
Ochsner once said that he always got a 
leucocyte count but never looked at it 
until after the operation. 

Acute abdominal conditions are more 
difficult to diagnose in children than adults. 
Colicky pains are not infrequent and nine 
out of ten patients are relieved by a 
cathartic or enema or by nothing at all. 
It’s the tenth case, that begins like the 
other nine that lands the child in the 
hospital with a ruptured appendix. How 
to tell the difference, that is the point! 
Probably the only safe way is to treat all 
abdominal pains as if they were surgical 
conditions until a more convincing diag- 
nosis Is reached. This is very simple and 
consists mostly of don’ts. (1) Don’t give 
a cathartic because it causes increased 
peristalsis and makes the bowel content 
more fluid; (2) don’t give solids or liquids 
by mouth for the same reason; (3) don’t 
give morphine to control the pain as it 
obscures symptoms by lowering an effec- 
tive smoke screen through which the 
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keenest diagnostic eyes cannot see. Of 
course, the working diagnosis having been 
made, and a definite procedure decided 
upon, it may be not only correct but 
humane to administer morphine; (4) don’t 
put off making a working diagnosis until 
“tomorrow” in hopes that the symptoms 
may subside and don’t let emotional 
desires to please the patient or the family 
stand secondary to an intelligent under- 
standing of his needs. It has been said that 
without the diabolical aid of cathartics 
there would be no ruptured appendices. 
Be this as it may, one sees very few cases 
of abscess or peritonitis that have not had a 
purgative of some kind. 

The question of incision in appendicitis 
is an important one and has long been a 
cause of differences among surgeons, some 
preferring the right rectus and others the 
McBurney. In a clean case, the: choice is 
fairly optional but where abscess forma- 
tion is suspected the latter offers many 
advantages. (1) One does not have to 
work through a clean field to get to a dirty 
one thereby spreading the infection. (2) 
The drain or drains are placed between the 
fixed cecum and the parietal peritoneum, 
minimizing the danger of postoperative 
adhesions and obstruction. (3) There is 
much less danger of ventral hernia. (4) 
The mortality and morbility are consider- 
ably reduced. 

To recapitulate: the mortality from 
appendicitis will be reduced to a minimum 
when (1) the enema is substituted for the 
cathartic and morphine is withheld until a 
diagnosis is made, (2) when the course 
of the disease is reckoned in hours instead 
of days, (3) when the clinical picture with 
or in spite of laboratory tests, has the final 
say, (4) and when operation is resorted to 
as the best, safest and the most rational 
treatment. There are no rules that will 
cover all cases and the best surgical judg- 
ment that one can muster, either of his own 
or from his colleagues, will not always 
prove as good in retrospect as one could 
wish. 

W. B. Marsury. 


a’ 


“STENSEN’S DUCT” 
N ve STENSEN, or Steno, was 


born in 1638. He _ resided in 
Copenhagen. 

He was a physician-priest. His was a 
busy life; his vocations were many. A 
romantic chapter in history deals with his 
conversion to Catholicism by a sister 
of that Church. He devoted the better 
part of his life to religious work. Shortly 
after his conversion from the Lutheran faith 
he became Bishop of Tritiopolis (1667). 

The other side of the man revealed the 
scientist. He was a great anatomist, 
geologist, and physiologist. 

Stensen is known as one of the founders 
of geology. The geologists of all countries 
erected, in 1883, a bust over his tomb in 
the Basilica San Lorenzo in Florence. 
His treatise, ‘“‘De solido intra solidum” 
(1669) was epoch making and deals with 
the production of fossils, strata, and other 
geologic formations. 

In anatomy, his name is known to 
physicians because of his discovery of 


the excretory duct of the parotid gland, 
Stensen’s duct (1661). He discovered the 
duct while dissecting a sheep. (‘‘Observa- 
tiones- anatomicae,”” Leyden, 1662). Sten- 
sen, among other works, investigated the 
glands of the eye and in 1664 (“‘De muscu- 
lis et glandulis observationum specimen,” 
Copenhagen) he recognized the muscular 
nature of the heart. In his discourses on 
the anatomy of the brain he fell into the 
common errors of his time. Much of his 
working time was spent in_ further 
studies on the physiology of muscles. 
He was particularly interested in them 
from the mechanical and mathematical 
viewpoints. 

From the surgeon’s viewpoint he is 
known because of his anatomical dis- 
coveries; the physiologist knows him be- 
cause of his work on muscles; the geologist 
as the father of geology. Stensen, priest 
and scientist, died at the age of seventy- 
four years, in 1727. 


T. S. W. 
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BOOKSHELF BROWSING 


ALDRED SCOTT WARTHIN 
1866-1931* 


Watter M. Stimpson, M.D. 


DAYTON, OHIO 


the active scene will always be to 

the human mind an event of the 
deepest interest; much more so than his 
entrance into the world. The latter is a 
wholly uncontrolled event, but the manner 
of one’s departure may bear a definite 
relationship to one’s philosophy of life.” 
Thus wrote Aldred Scott Warthin in the 
foreword of his last book, “The Physician 
of the Dance of Death.”” Doctor Warthin 
died as he wanted to die, at the height of 
his activities, on May 23, 1931. 

His was a full life and a happy one. To 
his ardent pursuit of the medical sciences, 
as teacher and investigator, he added the 
joys of many refreshing avocations. Born 
in Greensburg, Indiana, in 1866, Doctor 
Warthin early manifested a love for music; 
when he was twenty-one years of age he 
was awarded a Teacher’s Diploma by the 
Cincinnati Conservatory of Music. An 
accomplished musician, he found mental 
rest and peace in the pianoforte. 

In 1888, Doctor Warthin received the 
degree of Bachelor of Arts from Indiana 
University. It is probable that his interest 
in the biological sciences was kindled by 
his intimate associations with David Starr 


ie re passing of the individual from 


Jordan at Indiana University; it was here 
that Doctor Warthin received his first 
experience as a teacher—of botany. He 
then entered the University of Michigan, 
where he received the degrees of Master of 
Arts in 1890, Doctor of Medicine in 1891, 
and Doctor of Philosophy in 1893. 

While a medical student, Doctor War- 
thin manifested a particular interest in 
internal medicine. Doctor George Dock, 
then Professor of Medicine, was quick to 
recognize the possibilities of this en- 
thusiastic young student and offered him 
an assistantship in internal medicine. In 
1892, he was made a Demonstrator in the 
same department; during this year he 
published a “Scheme for the Systematic 
Study of Medical Cases.” Shortly after 
this he published a paper entitled “‘Accen- 
tuation of the Pulmonary Second Sound; 
An Important Sign in the Diagnosis of 
Pericarditis”; this diagnostic sign has 
since been referred to as ‘Warthin’s 
sign.” 

With the realization that the natural 
approach to internal medicine was through 
pathology, Doctor Warthin undertook 
intensive postgraduate study in pathology 
in Vienna and Freiburg. In the fall of 1895, 
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he was appointed Demonstrator in Pathol- 
ogy at the University of Michigan. A 
succession of promotions in rank led to his 
appointment, in 1903, as Professor of 
Pathology and Director of the Pathological 
Laboratories. 

Doctor Warthin’s thorough training in 
internal medicine yielded a strong influence 
on his teaching of pathology. Only a 
month before he died he stated, ‘Pathology 
Is not to my mind a separate subject to be 
taught academically, but one underlying 
and intimately connected with all the 
clinical subjects of the curriculum; the 
correlation of pathology with the living 
clinical picture represents to my mind 
the highest function of medical teaching, 
and were I starting my career again 
today, I should follow the same ideals 
and practice initiated in 1895.” The 


institution of regular clinical-pathologic 
conferences was an early application of 
this principle. 

During the first years of his work in 
pathology, Doctor Warthin alone gave all 


of the lecture and laboratory courses, 
performed all of the autopsies, and blocked, 
cut, stained and interpreted all of the tissue 
sections. During his first year as pathologist 
he prepared some 30,000 teaching sections 
and spent the hours from one to five each 
afternoon during the entire year demon- 
strating these sections to students. 

It was during these early days of struggle 
that William Osler visited the crude 
quarters in which the laboratory was 
housed. Osler’s interest was stirred by 
Doctor Warthin’s successful efforts in 
building up a pathological museum from 
the scant material available. Osler praised 
him with these words, which he never 
forgot: “‘A little field well-tilled! How much 
more may come from it than from a large 
one with its surface only scratched!” 

A bibliography of Doctor Warthin’s con- 
tributions to medical literature runs into 
several hundreds of titles. Perhaps his most 
important early pathologic researches were 
those which dealt with the diseases of the 
blood-forming organs. The completeness 
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of these studies inaugurated the present- 
day conception of the nature and function 
of what was later termed the reticulo- 
endothelial apparatus. These investigations 
led him to an early appreciation of the 
genetic unity and neoplastic nature of 
chloroma, the leucemias, lymphoblastoma, 
Hodgkin’s disease, myeloma and mycosis 
fungoides. Interest in the lymphatic system 
resulting from these studies stimulated his 
investigations of the thymico-lymphatic 
constitution, and led to his early recogni- 
tion of the etiologic significance of constitu- 
tional pathologic types in hyperthyroidism 
(Graves’ constitution) and neoplasia. 

In 1912, Doctor Warthin reported the 
occurrence of the fish tapeworm (Dibo- 
thryocephalus latus) in Michigan. He 
demonstrated that the larval stage of the 
worm existed in the muscle of fish in the 
Great Lakes area, to which region it had 
been transplanted by Finlanders who had 
settled in that part of the country. Out 
of this original observation has grown the 
recognition of the importance of this 
parasitic infestation in North America. 

Despite the catholicity of his medical 
researches, it is probable that posterity 
will first associate his name with his 
studies on the pathology of syphilis. 
Curiously enough, his first published studies 
of the pathology of syphilis were an out- 
growth of his diligently prosecuted in- 
vestigations of the diseases of the blood- 
forming organs. The title of his first paper 
dealing with syphilis was: “Congenital 
Syphilis Simulating Leukaemia and Splenic 
Anaemia (Banti’s Disease).” Then fol- 
lowed a series of some thirty published 
contributions dealing essentially with the 
unity of the pathology of syphilis in its 
various stages. In 1918, Doctor Warthin 
delivered the Harvey Lecture on “The 
New Pathology of Syphilis.”” His newer 
conception of the disease, particularly as 
related to latent syphilis of the aorta, 
heart, testes, pancreas and adrenals, was 
not greeted with kindness by therapists. 
Doctor Warthin was prepared to meet 
every possible objection to his conclusions 
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by the actual demonstration of the spiro- 
chete of syphilis in the pathologic lesions. 
In order to demonstrate the presence of the 
organism in the active foci of the disease, 
a new staining process was devised. 

The advent of the World War brought 
an opportunity to serve his country. 
Intensive studies were undertaken in the 
pathology of mustard gas poisoning; the 
results of these researches were published 
in book form in 1919. Problems related to 
venereal infection among soldiers and the 
relationship between fatty embolism and 
shock were undertaken at the same time. 

Doctor Warthin was more than a teacher 
and investigator. In literary achievement 


his name must rank at the forefront of 


medical writers. His strictly scientific 
papers were written with unusual clarity 
and artistry. His first historical essay, 
“An American Medical Student’ (1903), 
deserves a place with the medical classics. 
Perhaps his most artistic literary con- 
tribution was the presentation of his 
biologic philosophy of life in the book, 
“The Creed of a Biologist,”” published in 
1930. Two other books, “Old Age” and 
“The Physician of the Dance of Death,” 
written during the last three years of his 
life, will survive as medical literary classics. 

For the last six years of his life, Doctor 


Warthin was Editor of the Annals of 


Internal Medicine, during which time his 
judicious selection of material for publica- 
tion, his thoughtful editorials, and pains- 
taking abstracts and reviews, caused this 


journal to be recognized rapidly as one of 


the leading American medical publications. 
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Doctor Warthin gave freely of his time 
and energy to the many scientific societies 
of which he was a member. Many of these 
societies honored him by electing him to 
the presidency. In 1923, he lent his 
influence to the advancement of the Amer- 
ican College of Physicians, of which he was 
a Master and the First Vice-President. 

A rare tribute came to Doctor Warthin 
on his sixtieth birthday, when a Fest- 
schrift was dedicated to him by his pupils 
and early colleagues. This anniversary 
volume occupies a unique place in medical 
literature in that the papers which com- 
prised the Festschrift were contributed by 
one or more students in each of the thirty- 
five classes which he had taught. 

No sketch of Doctor Warthin would be 
adequate without a brief reference to his 
family life. In 1900, he was married to 

Katharine Angell. Four children, two sons 
and two daughters, blessed this happy 
union. In this stimulating and _inspir- 
ing home environment, the six members 
worked and played together, in the beau- 
tiful rock-garden, on geological and 
botanical field trips, in travel and at 
the fireside. To visit them was a rare 
treat, and they shared the happy intimacy 
of their ideal home life with the stream 
of visitors from all parts of the world. 

On the day before his death, Doctor 
Warthin wrote to the writer of this sketch. 
He told of his many plans for the future. 
There was so much more to be accom- 
plished. He had walked that day in his 
garden and he remarked that “‘the flowers 
never looked so beautiful.” 


BOOK REVIEWS 


THe Great Puysician. A LIFE OF 
Sirk Oster. By Edith Gittings 
Reid. N. Y., Oxford Univ. Press, 1931. 


Edith Gittings Reid, in her short life of 
Sir William Osler, has achieved the difficult 
task of weaving the essential facts of a great 
personality into writing that one puts aside 
only because of an interruption or when he 
reads the last line, with regret. It is beautifully 
written, the tones are subdued but one feels a 
thrill in the perusal of every page. 

We have heard it said many times that every 
physician would be well rewarded for reading 
Harvey Cushing’s “Life,” the biography of 
Osler that won him the Pulitzer prize. To the 
right of Cushing’s volumes we place “The 
Great Physician.”” To us Osler had a tragic 
life. Surrounded by hosts of friends, having a 
plethora of honors thrust upon hin, called the 
“oreatest physician in history,” yet in his 
heart he loved best of all his son, Revere, 
the lad who when in his teens joined up in the 
great war. The pages telling of the anxious 
waiting, the suspense, and, finally, the telegram 
saying that his boy was severely wounded, 
followed by a telephone message from the war- 
office that he had died, causes a lump to fill the 
throat. Any one who has lost a boy reading these 
pages will understand and acknowledge the 
great spirit and faith in God that was a very 
part of the fibre of Sir William and his wife. 

Surely, this book should be read and reread 
by all physicians. 

Every college of medicine should see to it 
that their undergraduates carefully read “The 
Great Physician.” Then, Cushing’s two vol- 
umes should occupy the students’ spare half- 
hours throughout the remainder of the college 
years. Graduates who have not become ac- 
quainted with these two books (and I add the 
Memorial Volume published after Sir William’s 
death, edited by Dr. Maude Abbott) should 
purchase them and read them until the pages 
are well thumb-marked. To read and under- 
stand Osler’s life is like partaking of a stimulat- 
ing tonic. 

On page 290 I read: “On a slip of paper was 
found, written during the last days of his life, 
these words: ‘The Harbour almost reached after 
a splendid voyage with such companions all the 
way and my boy awaiting me.’”’ 


The greatest physician: the perfect father: 
and for unnumbered people “their lamp in 
arkness.”’ 

Edith Gittings Reid has written a remarkable 
book. 


RONTGENDIAGNOSTIK DER GALLENBLASE 
(Roentgen Diagnosis of the Gall Bladder). 
By Dr. Fritz Eisler and Dr. G. Kop- 
stein. Radiologische Praktika, Vol. xvu, 
Lex.-80, vill, 153 pages, and 151 illus. 


Leipzig, Georg Thieme, 1931. 


We welcome such an excellent treatise on the 
radiological aspects of gall-bladder diagnosis, 
devoting special attention to the development 
and practice of cholecystography. The work is 
based on nearly 10,000 gall bladder examina- 
tions, mostly by the oral method, of which 
about 10 per cent have been checked by 
operation or autopsy. The authors have found 
cholecystography valuable not only for clinical 
purposes but also for phyisological investiga- 
tions. Special sections are devoted to persist- 
ence of the gall-bladder shadow, pericholecys- 
tic adhesions, and pseudovesicular shadows. 
It is apparent from the long list of references 
that the authors have studied the literature of 
the world, yet there are lacking some of the 
most important South American authors on 
cholecystography; and even some important 
work from the United States is referred to 
only in the Bibliography. 

The illustrations are excellent and the 
arrangement of the work invites the reader’s 
attention. 

James T. CAse. 


THE SuRGICAL CLINICS OF NORTH AMER- 
1cA (New York Number—June_ 1931). 
Phila., Saunders Company, 1931, Vol. 11, 


No. 3, 239 pp. 


This number with articles by New York men 
is quite on a par with other numbers of this 
well-known series of clinics. 

Of special interest in this number is the 
report of the Clinical Meeting of New York 
Fracture Committee of American College of 
Surgeons consisting of 17 articles on the modern 
treatment of fractures. 
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DEMONSTRATIONS OF PuysICAL SIGNS 
IN CLINICAL SurGERY. By Hamilton Bailey, 
F.R.c.S. Ed. 3. N. Y., William Wood, 1931. 


Revised and enlarged, with 318 illustrations, 
some of which are in color, this well indexed, 
handy volume of 278 pages, deservedly is 
now in its third edition. 

All padding and unnecessary material have 
been omitted. The illustrations are excellent 
and follow the text, making the thing as a 
whole most readable and valuable. The color 
work is especially well done. We can think 
of no better work of this type than this one 
and would urge every medical student add it 
to his shelf of necessary books. 


THe THEORY OF OssTEtRics. By M. C. 
DeGaris, m.p. N. Y., William Wood, 1931. 


The author says his book is a call to the 
general practitioner to record, analyze, and 
think about his cases; so the profession will 
learn the actual conditions of child-bearing 
today in different countries and under varied 
conditions. 

The work is concerned mainly with the 
functional disorders of child-bearing, and 
especially of labor, as seen in the author’s 
practice. The common custom of most books 
is reversed; mechanics is taken for granted, 
and attention is devoted to obstetric function 
and obstetric medicine. 

Part one consists of arguments for a new 
standard for normal labor. Part two is a 


detailed analysis of 100 consecutive labors. 
Part three consists of a tentative effort to 
apply the new theory to practice. 

This work will prove stimulating to the 
general practitioner and interesting to the 
obstetrical specialist. 
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ASTHMA AND Hay Fever. IN THEORY 
AND Practice. By Arthur F. Coca, M.p., 
Matthew Walzer, M.p., August A. Thom- 
men, M.D. Springfield, Ill., Charles C. 
Thomas, 1931. 


This excellent work is divided into three 
parts. Part 1 deals with Hypersensitiveness, 
Anaphylaxis, and Allergy. It was written by 
Arthur F. Coca, Professor of Immunology, 
Cornell University Medical School. In addition 
to the topics constituting the section heading, 
the author deals with Atophy, Serum Diseases, 
The Casoni Reaction, The Schwartzman 
Phenomenon, and The Preparation of Extracts 
and Solutions for Use in Testing and Treat- 
ment in Human Hypersensitiveness. 

Matthew Walzer, Instructor in Applied 
Immunology, Cornell University Medical Col- 
lege, in Part 2, deals with Asthma. The author 
goes into the history of this affection, dis- 
cusses the various forms of asthma, the 
etiology, clinical course and symptomatology 
and functional pathology, differential diagnosis, 
and, in great detail treats of the various forms 
of treatment. 

Part 3, by August A. Thommen, Lecturer in 
Medicine, University and Bellevue Hospital 
Medical College, is devoted to Hay Fever. 
The field covered includes the history of hay 
fever, flowers and pollination, pollen, which 
plants cause hay fever, hay fever causing 
trees, the grass family, weeds, sectional hay 
fever flora, symptomatology and diagnosis, 
and the treatments. 

The book has a good index, is 831 pages 
long, and well written. In this age every 
physician in general practice and those who 
are called upon to treat these diseases would 
do well to keep this volume at their side and 
read it carefully. 
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CHAPTER XVI 


CARE OF PATIENTS WITH PROSTATIC 
HYPERTROPHY 


1. THE SurGIcAL Risk IN PROSTATECTOMY 


Surgery on the prostate gland is a specialized form of 
surgery in which efficient preoperative care is of the utmost 
importance. Unless such care is routinely provided and every 
possible aspect of each case is thoroughly studied the mortality 
rate is relatively high. 

Deaver and Herman! have estimated that the performance 
of prostatectomy at the hands of the occasional or inex- 
perienced operator involves a mortality of between 20 and 30 
per cent. With due attention, however, to the blood chemistry 
picture, to the various methods of estimating kidney function, 
and to the amelioration of incidental abnormalities the mortal- 
ity rate can and should be reduced to between 3 and 5 per cent. 
According to Young? the general mortality in prostatectomy in 
the hands of the thoroughly competent surgeon has been 
lowered in the past twenty years from 20 per cent to 2 to 3 per 
cent, and he has reported a series of his own? of 198 cases with 
only one death. Davis* has reported a series of 107 cases with 
only one death. 

The reason for the relatively high mortality rate in pro- 
statectomy is partly to be found (1) in the fact that patients 
requiring such surgery are almost always advanced in years, 
usually over sixty, and therefore are frequently handicapped by 
the general failure of bodily functions characteristic of such an 
age period, and (2) in the peculiar nature of the abnormalities 
incidental to the development of the condition which necessi- 
tates the operative procedure. 

509 
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With reference to the characteristics of the age period in 
which patients requiring prostatectomy fall, aside from the 
generally diminishing resistance of the patient past middle 
life, one must be alert to recognize particularly cardiovascular 
and pulmonary degenerative processes so frequently encount- 
ered at this time of life. The incidence of such complications has 
been estimated as high as 80 per cent for the cardiovascular 
variety, and 50 per cent for the pulmonary variety. Willtus,* 
who estimates the incidence of cardiovascular disorders more 
conservatively, states that 42 per cent of patients manifest- 
ing prostatic hypertrophy have associated cardiovascular 
disease, and that this percentage is much higher than the 
normal incidence of cardiovascular disease in patients of the 
same age period. This finding seems to indicate that the car- 
diovascular pathology arises not altogether independently 
of the prostatic condition, and such a conclusion seems 
eminently reasonable considering the intimate relation of the 
prostate gland to the urinary system, and the uriary system to 
the circulation. 

Although acute urinary retention secondary to prostatitis 
may occasionally constitute an indication for surgical drainage, 
the operation of prostatectomy Is never an emergency proce- 
dure. To perform radical surgery on the prostate gland in the 
absence of a careful preoperative estimation of the patient’s 
reserve capacity coupled with careful preoperative treatment 
to increase the reserve capacity is but to court failure. 

Hunt? classifies the causes of fatalities In prostatic surgery 
in three groups, (1) those due to preexisting and coexisting 
organic disease, (2) those due to surgical accidents, and (3) 
those due to postoperative complications. Of these the first 
group with its direct and indirect complications accounts for 
more than 40 per cent of the cases, since the three characteristic 
types of lesion found, renal, cardiovascular, and pulmonary, 
are related in such a way that one reinforces the other in a sort 
of vicious circle. The second group is relatively unimportant 
(4 per cent) and comprises mainly such factors as hemorrhage, 
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shock, and the effects of the administration of anesthetics. The 
third group (40 per cent) comprises many elements, but especi- 
ally pulmonary complications, embolism, general sepsis, and 
peritonitis. 


u. THE VALUE OF TEsTs OF URINARY FUNCTION 


Two preoperative measures of kidney function are always 
available and valuable and should be used simultaneously and 
supplementarily: (1) the estimation of the ability of the kidney 
to excrete the foreign dye stuff phenosulphonephthalein, as 
devised originally by Rountree and Geraghty, and (2) the 
estimation of the kidney function indirectly by the determina- 
tion of the amount of urea retention in the blood stream as 
shown by the methods of blood chemistry. It is important in 
using these methods that observations be repeated sufficiently 
often during the period of preoperative treatment so that an 
accurate check may be at hand at all times on the progress of 
the patient’s condition whether for the better or the worse as 
the case may be. 

In Hunt’s’ experience less than 6 per cent of patients required 
cystotomy as a means of preliminary drainage because of 
intolerance to the use of the permanently indwelling catheter. 

Formerly it was considered that the two-stage operation 
should be used in the vast majority of cases; however, it is now 
the belief that when properly prepared preoperatively about 
three-quarters of all patients requiring prostatectomy show no 
higher mortality rate when subjected to a one-stage operation 
than they do when the two-stage technique is adopted. 


111. GENERAL PROPHYLACTIC TREATMENT OF THE 
PROSTATECTOMY PATIENT 


The operative hazard in the prostatectomy patient varies, 
other things being equal, directly with the duration and degree 
of obstruction occasioned by the pathological condition 
present. Obstruction produces in the bladder wall changes 
characterized by deformities in shape, the formation of 


multiple cellules produced by projections of mucosa through 
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and between muscle bundles in the bladder wall, and ultimately 
the formation of gross diverticula. 

In general the extent of obstruction may be ascertained by 
measuring the amount of residual urine in the bladder. An 
amount of 120 c.c. is conveniently taken as marking the 
transition point below which intermittent catheterization of the 
bladder for a period of ten or twelve days will suffice to prepare 
the patient for operation and above which the introduction of 
an indwelling catheter is preferable. 

The performance of cystoscopy is to be avoided in making a 
preoperative diagnosis if possible since such manipulation can 
hardly fail to traumatize the urethra and since the essential 
features of the case can usually be determined without resorting 
to such a procedure. The size of the prostate itself as well as the 
presence of bladder calculi or diverticula can usually be 
determined by rectal examination, so that in the vast majority 
of cases such a procedure as cystoscopy Is unnecessary. 

Pyelonephritis not infrequently occurs In connection with 
the manipulations incident to the preparation of a patient for 
prostatectomy ; usually of urethral origin and originating in the 
prostatic portion of the urethra, the infection metastasizes by 
way of the blood stream to the renal parenchyma. In fatal 
cases multiple small metastatic abscesses are usually demon- 
strable in the latter. The symptoms of pyelonephrosis consist 
of a sudden increase in temperature accompanied by a chill. 
The complication is supposedly self-limited and lasts for 
from four to seven days during which time the temperature 
gradually resolves to normal. In the treatment of this condition 
and proceeding on the assumption that it represents a pyemia, 
attempts have been made to promote chemical sterilization of 
the blood stream, or at least bacteriostasis, by the intravenous 
injection of various drugs. Among those which have enjoyed 
favor for considerable periods of time are methylene blue, 
hexamethylenamine, acriflavine, and mercurochrome; the 
fact that none of these has survived in common use for long 
periods of time is ample indication of the fact that these drugs 
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are not uniformly productive of good results. Such treatment 
has been almost completely abandoned. 

The principal danger in connection with preoperative 
treatment of prostatic obstruction occurs in connection with the 
relief of urinary obstruction. Many patients defer treatment 
until retention has become complete and the renal function 
has been reduced to a point at which the phenolsulphone- 
phthalein excretion has reached the vanishing-point and blood 
urea values are as high as 200 to 300 mg. per 100 c.c. of blood 
plasma. The primary indication is for the relief of obstruction; 
if this be attempted all at once or too rapidly intravesical ten- 
sion is so far reduced that edema of the entire urinary tract 
ensues, and edema within the renal capsule leads to suppression 
of such inadequate urinary function as the patient previously 
had. The simplest and probably the most efficient method of 
gradual reduction of intravesical tension consists In emptying 
the vesical contents against water pressure. A relatively long 
tube is attached to a catheter and both are filled with water, the 
catheter is introduced into the bladder with the free end of the 
attached rubber tube held high to overcome the intravesical 
tension; the free end of the tube is allowed to drain into a 
receptacle, the height of which depends initially upon the 
intravesical tension, and is gradually lowered as time goes on. 
Usually it is safe to reduce the pressure completely within a 
period of from three to four days® (Fig. 63). 

Having reduced intravesical tension, the indication is for 
the promotion of the excretion of toxic retained products; this 
is accomplished by the promotion of diaphoresis and diuresis, 
and by purgation. During this process it Is most important to 
determine the water balance, a careful record being kept of the 
fluid intake and output; a minimal output of 2500 c.c per day 
is imperative and usually it is necessary in order to assure this 
that the intravenous or hypodermic introduction of fluid 
(preferably dextrose solution) be employed. For purposes of 
diaphoresis the patient is put in a hot pack at least once a 
day, and sweating is further promoted by the administration of 
about 10 grains of aspirin just prior to the administration of the 
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Fic. 63. Simple method of gradually emptying chronically distended urinary bladder. 
Permanently indwelling catheter has been placed in the bladder of the patient and to it 
has been fastened the rubber tube which is shown emerging from beneath the bed- 
clothes. This tube terminates in a glass hook which hangs over the edge of any suitable 
receptacle fastened to the footpost of the bed. At first the receptacle is placed so that the 
outlet of the tube is about 12 in. above the level of the neck of the urinary bladder of the 
patient. Once or twice during each twenty-four hours the receptacle is very slightly 
lowered; this process is continued until the level of the outlet tube has been depressed 
to the same level as that of the patient’s bladder. The rate at which the receptacle can 
safely be lowered depends upon the reaction which the patient experiences; relief of 
intravesical tension always produces a depression in the blood pressure, and probably 
the extent of this depression is about as reliable a guide as can be conveniently followed. 
Any considerable depression in the blood pressure is, of course, dangerous in a person 
accustomed to hypertension. In the use of this method the utmost care should be taken to 
fasten the apparatus in place securely, because if it should by any chance fall to the floor 
the patient’s bladder would, of course, immediately empty itself, and such an occurrence 
would be a calamity in any case and might even result fatally for the patient in certain 
cases. 
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hot pack; pilocarpine is also occasionally of value. In cases of 
long continued obstruction reduction of urea may be expected 
to occur at the rate of about 10 mg. per 100 c.c. of blood per 
day; in more acute cases reduction of the order of 50 to 100 mg. 
of urea per day is not unusual. 

As to the point at which this form of therpay may be 
discontinued and an operative procedure aimed at the per- 
manent relief of the condition may be performed, it is well if 
possible to continue treatment until the blood urea content has 
been reduced to about 40 mg. per 100 c.c. of blood; this is 
possible only in those cases in which the patient tolerates the 
treatment well. In emergencies the performance of the first 
stage of a two-stage prostatectomy may be attempted when 
reduction to 100 mg. has been obtained; but in cases in which 
the patient’s progress has been slow and loss of weight and 
strength have been prominent features of the case, it may be 
well to defer the actual operative procedure for a period of a 
few weeks, or even a month or two during which the patient is 


allowed to return home in order to recuperate. 
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PREOPERATIVE AND POSTOPERATIVE CARE OF 
SURGICAL DIABETIC PATIENTS 


No account of preoperative and postoperative care would be 
complete without some discussion of so-called “‘surgical 
diabetes.’’ Diabetes has now become so highly specialized a 
disease, however, that an adequate discussion of it would 
require much more space than is here available for the purpose. 
Fortunately several excellent monographs are available for the 
study of those who would become apprised of the minutiae 
of the therapeusis of diabetes, and to these monographs the 
reader is referred, especially to the excellent discussions of 
Joslin’ and McKittrick and Root.’ Such attention as is paid 
surgical diabetes in the few succeeding pages is designed merely 
as an outline sketch. 


1. THE VALUE OF INSULIN 


Patients with diabetes who require surgery are usually 
advanced in years; the average age for major operations In a 
series of 304 cases at the Mayo Clinic* was fifty-four years, and 
the average age for those requiring minor surgery (363 cases) 
forty-seven years. Such patients usually suffer from extensive 
degenerative lesions and are distinctly poor risks. The outlook 
for the diabetic is, however, infinitely brighter than It was in 
the pre-isulin days. In the days prior to the introduction of 
insulin operative procedures of even relatively minor importance 
on diabetic patients were contemplated with considerable 
trepidation, since the operative risk in such patients was 
invariably enormously great. 

In the decade prior to the introduction of the use of insulin 
at the New York Hospital, Weeden‘ calculated the mortality in 
diabetics with surgical infections at 40 per cent; for the one- 
year period following the introduction of insulin i the same 
hospital, Foster> found a diminution in such cases to 12 per 
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cent. Most writers reporting series of cases in the pre-insulin 
period present figures showing a mortality rate in excess of 30 
per cent; to cite a few figures, Bruce® 30 per cent, Weeden‘ 
36.8 per cent, Chavannaz’ 40.0 per cent, Pilcher® 50 per cent, 
Bruce’ 50 per cent, Strouse’ 31.3 per cent, Fischer"! 48.8 per 
cent, Tuffier!® 40.0 per cent, Meyer’* 54.6 per cent, and Fitz" 
30.0 per cent. Of these Pilcher and Bruce report a mortality 
rate, as noted, of 50 per cent, and their figures represent the 
rate In operations for gangrene. Of course, there were some 
reports in the pre-insulin era showing much lower figures than 
these, but they represent for the most part operative results in 
selected cases. Thus Berkman’? by undertaking a rigid pre- 
operative preparation of his patients at the Mayo Clinic for 
periods of from two to three weeks, by attempting no emergency 
operations, by excluding operations on gangrenous extremities, 
and by using local anesthesia wherever possible was able to 
report the very low mortality rate of 7.7 and 5.0 per cent 
respectively in two series of cases. 

Ordinary series of cases reported since the use of insulin has 
become an established practice show a mortality incidence 
usually much less than 15 per cent; to quote some figures, 
Joslin! 11.0 per cent, John” 8.5 per cent, Mason’ 15.0 per 
cent, Weeden‘ 16.6 per cent, Cohen” 14.0 per cent, and Petty” 
9.6 per cent. Bruce,® Judd,”! and others have reported figures 
much lower than these, 2.1 per cent and 3.0 per cent for the 
last two authors specifically named. 

The risk in the diabetic patient occurs not In connection 
with the actual operative procedure itself, but arises as the 
result of untoward postoperative complications and sequelae. 
Probably no better instance of the necessity for cooperation 
between the internist and the surgeon could be cited than 
occurs in connection with the diabetic patient, the surgeon 
being possessed of the specialized information concerning the 
incidence of these complications and sequelae and the internist 
possessing a knowledge of how to apply therapy to counteract 
them. When such cooperation exists in its ideal form the 
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prognosis is relatively good, and many of the more optimistic 
authorities have ventured to express the opinion that insulin 
has made operative procedures on the diabetic patient as safe as 
similar procedures on otherwise normal individuals of the same 
age and physical resistance (Christie,?? Gager,’* Lawrence”). 

In the pre-insulin days the complications most feared 
postoperatively were acidosis and coma; such complications 
occasionally occur even now, in spite of all that can be done 
with the use of insulin, but it is probably fair to estimate that at 
least three-quarters of deaths from these complications can be 
prevented by the use of proper preoperative and postoperative 
treatment. Pneumonia, thrombosis, and embolism, postopera- 
tive asthenia, and cardiac failure are additional complications, 
especially to be feared. The highest mortality rate still occurs 
as it did formerly in connection with the operation of ampu- 
tation for diabetic gangrene. Olmsted?® has suggested that this 
high mortality rate can be explained on the basis of intoxica- 
tion arising from the absorption of autolytic material from the 
amputation stump, and this even in the absence of either 
local or general infection. He believes this autolytic intoxica- 
tion accounts for the asthenia which develops characteristically 
in such cases. 

Diabetic patients who require surgical operations are 
usually poor surgical risks apart from the factor of diabetes, 
because they are characteristically not only advanced in years, 
but their tissues are prematurely old because of early blood 
vessel changes. 


u. THE PREOPERATIVE CARE OF THE DIABETIC PATIENT 


In general, preoperative treatment of the diabetic patient 
is aimed at the accomplishment of four ends: (1) the control of 
the blood sugar level at as near a normal figure as the exigencies 
of the case will permit, (2) the abolition of ketosis, (3) the 
maintenance of the body fluid volume at a sufficiently high 
level, and (4) the storage of a reserve supply of dextrose in the 


liver and elsewhere in the form of its polymer, glycogen. 
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Since It is assumed that the internist will have charge of 
the stabilization of the carbohydrate metabolism of the patient 
no extended account of the actual technique of this procedure 
need be attempted in this connection. Most authorities are in 
agreement concerning the essential points in this procedure, 
and these may be mentioned in the interests of completeness. 
About three days are required for stabilization in the average 
case: 

1. The diet contains 100 gm. of dextrose, about the same 
quantity (100 gm.) of fat, and 1 gm. of protein for every 
kilogram of body weight. 

2. Sufficient insulin is provided to ensure the complete 
metabolism of the dextrose and to bring the blood sugar to a 
normal level, or nearly so. 

3. Feeding is continued up to within at least an hour or two 
of the time set for the operation to begin. The last food is 
given in the form of fluid only. The administration of a suffi- 
cient amount of fluid is highly desirable both from the point 
of view of prophylaxis against acidosis and from the point of 
view of ensuring a relatively empty stomach with a view to the 
prevention of vomiting. 

4. Additional dextrose in the form of orange juice and in 
amounts sufficient to provide about 10 additional gm. of 
dextrose may be given two or three hours before the operation 
and in connection with the patient’s liquid breakfast, in which 
case 10 or 20 additional units of insulin should be provided just 
prior to the operation, and 30 or 40 additional gm. of glucose 
may be provided intravenously while the patient is on the 
operating table, as suggested by Duncan and Frost.”° 

The subject of the anesthetic of choice in connection with 
operations on the diabetic patient has been pretty well settled. 
It is generally conceded that chloroform is to be avoided. 
The administration of ether has its advocates especially at the 
Mayo Clinic, but Bloor®’ has apparently demonstrated that 
following ether anesthesia there is an increase in the fat content 
of the blood which is both rapid and progressive, and there can 
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be little doubt that this predisposes to the development of 
ketosis. Leake and Hertzman,** however, apparently have 
shown that such a condition of lipemia does not occur in con- 
nection with ethylene or nitrous oxide administration, at 
least not to the same extent or with the same rapidity. Con- 
sequently, the two latter anesthetic agents are preferred when 
it is necessary to make use of a general anesthetic. On the other 
hand, many of the operative procedures required in connection 
with surgical diabetes may be and should be performed either 
under local anesthesia or under spinal anesthesia, types of 
anesthesia which are not, of course, attended by this 
development. 


i. THE PostToPERATIVE CARE OF THE DIABETIC PATIENT 


Immediately following operation on diabetic patients a 
sample of blood should be secured for blood sugar analysis and 
CO» determination; the analysis of this serves as a guide for the 
administration of dextrose and insulin. Joslin’ has made the 
observation, “Feed the patient up to the last hour possible 
before an operation; he will most likely fast altogether too 
much afterward,” and this is undoubtedly true in many cases. 
However, food in the form of oatmeal gruel, ginger ale, and 
orange juice may frequently be tolerated by mouth at the next 
regular feeding time or slightly thereafter, especially in case of 
the less severe operative procedures and those performed under 
local anesthesia, but the efficacy of the intravenous method of 
administration of dextrose must never be forgotten in connection 
with such patients as for one or another reason should not be 
fed by mouth. 

Some authorities advocate the administration of liquid 
carbohydrate either by mouth or intravenously as frequently 
as every two hours for the first several postoperative hours, 
regardless of the apparent general condition of the patient. 
Others give relatively large amounts of insulin properly 
buffered with dextrose to guard against the possible develop- 
ment of an unforseen acidosis, but probably this is unnecessary 
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except in those cases in which a CO» estimation indicates an 
impending acidosis. It has been stated that in the diabetic 
patient the subject of infection or acidosis only 1 gm. of glucose 
is metabolized by the agency of one unit of insulin; at all events 
the efficacy of insulin is greatly reduced in the presence of 
infection, and, therefore, one must not expect to be able to 
calculate insulin dosage on the same basis as in the ordinary 
case of diabetes. 
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1. PREOPERATIVE TREATMENT OF THE GALL-BLADDER PATIENT 


The preoperative care of gall-bladder patients aims 
fundamentally not at the amelioration of the local condition as 
such, but rather at a rectification of certain functional disorders 
associated indirectly therewith, especially with the rectification 
of metabolic disorders. Stated in another way, the primary 
object of the preoperative care of the gall-bladder patient is to 
make radical surgery safe by rectifying associated abnormal- 
ities which make for postoperative mortality and morbidity. 

Apart from complications attendant upon operative proce- 
dures as such, patients undergoing biliary surgery tend to 
succumb to one or more of the following complicating dis- 
orders, (1) disturbances of acid-base balance, (2) hemorrhage, 
(3) hepatic insufficiency, (4) uremia, and (4) nephritis. 

A. DISTURBANCES OF ACID-BASE BALANCE, ACIDOSIS AND 
ALKALosis: Acidosis occurs with a considerable degree of 
frequency in the acute case of gall-bladder disease, and this 
acidosis is not apparently the result of destruction of liver 
substance, but rather in secondary (1) to a deficient intake 
of food, particularly carbohydrates, and (2) to vomiting of 
secretions from the stomach, both of which in turn are second- 
ary to the reflex influence of the diseased gall bladder upon the 
stomach. In line with the best practice at the present time, 
most surgeons are unwilling to operate upon the patient having 
an acute case of gall-bladder disease in the absence of indica- 
tions that the process is proceeding to actual perforation of the 
viscus, a complication which fortunately rarely occurs. In 
those cases, however, in which immediate operation is con- 
templated in a patient who has been acutely ill for a period of 
more than twenty-four to thirty-six hours, and best, even 
529 
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though no such operative procedure is contemplated, a coz 
determination should be performed as an indication of the 
acid-base balance. A combining power below 40 volumes per 
cent is a contraindication to immediate operation, and a 
definite indication for the institution of measures aimed at 
restoring the normal alkali reserve capacity. In the average 
case this can be conveniently and promptly done by the. 
administration of dextrose either by rectum or by intravenous 
infusion; in the latter case 1000 c.c. of 2.5 per cent solution, 
and in the former case 200 c.c. of a 10 per cent solution may 
be given every four hours. Six hours after the first determina- 
tion of the co. combining power has been made, a second 
reading should be taken and if the reading has not been raised 
to 45 volumes per cent or more during this period, the indi- 
cation is for a repetition of the dextrose administration. Carter 
advocates the addition of 1 per cent of sodium bicarbonate to 
the intravenous infusion described here, or 2 per cent to the 
rectal solution in those cases in which the reading is 30 volumes 
per cent or less at the start. It should be emphasized, however, 
that measures aimed at the rectification of acidosis by the 
administration of sodium bicarbonate should never be employed 
unless an accurate CO, determination has shown such to be 
safe, since the mere finding of acetone and diacetic acid in 
the urine, which is usually considered an indication of acidosis, 
may occur in the presence of alkalosis, and the administration 
of added alkalis in such a condition might prove disastrous. 
Patients with diabetes as a complication of a gall-bladder 
condition usually require dextrose intravenously in not over 
2.5 per cent solution. The addition of concentrated sugar 
solution to the blood of an acidotic patient who also has a 
relatively high blood sugar is dangerous, since such patients 
display a viscosity of the blood, and dextrose in concentrated 
solution, acting as It does as a diuretic, may throw such a 
patient into coma as a result of further depletion of water from 
his blood stream. 
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Alkalosis occurs preoperatively only rarely, such a condi- 
tion usually developing not as any essential part of the gall- 
bladder picture, although its development is favored by the 
vomiting of acid gastric juice. The commonest cause would 
seem to be the sodium bicarbonate habit which many patients 
develop in the presence of various gastric disorders, the most 
usual being peptic ulcer, a condition which may occasionally 
exist In conjunction with gall-bladder disease. 

B. HEMORRHAGE: The tendency of patients with biliary 
disease to develop uncontrollable hemorrhage has long been 
recognized. Such tendency to hemorrhage is due to associated 
jaundice; or, to be strictly accurate, both the tendency to 
hemorrhage and to jaundice are the result of some fundamental 
metabolic reaction not well understood of which these are the 
two outstanding manifestations. 

c. JAUNDICE AND DELAYED CoaGULATION Time: C. H. 
Mayo? has estimated that jaundice is associated with lesions of 
the biliary apparatus according to the following percentages: 


Per Cent 
Obstruction of the common duct by stones.......... 50 
Obstruction of the common duct due to inflammatory 
edema (infective or catarrhal) 
Malignancy (liver, one-half of the cases; pancreas, 
gall bladder, and ducts, one-half the cases 
Serious infection of the gall bladder 


The cause of death in patients dying after operations on the 
biliary tract is hemorrhage in more than 50 per cent of cases. In 
this connection many clinical signs have been suggested as 
contraindications to operative procedures, e.g., the occurrence 
of subcutaneous hemorrhages, a coagulation time of more than 
nine minutes, and dehydration in connection with a jaundice of 
more than two weeks’ duration. 

The best indication of the danger from hemorrhage to be 
anticipated in operating upon a patient with jaundice is to be 
found in the determination of the coagulation time of the 
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patient’s blood. Hemorrhage in cases with jaundice is, of course, 
dependent upon failure of the blood to clot within a reasonable 
time interval, and a prelimmary determination of the time 
interval required for the formation of a clot indicates the 
relative amount of danger to be anticipated from such a source. 
The reason for the delay in coagulation time in jaundice is not 
precisely understood; it is assumed tentatively that there is a. 
deficiency of thrombokinase, diminished fibrin content of the 
blood not bemg demonstrable. 

Van den Bergh® has estimated the amount of bilirubin in 
normal blood as one part in 50,000, and when this amount is 
exceeded the pigment is deposited in the various tissues, 
including the skin, and is excreted in the urine. King and 
Stewart‘ have presented evidence that the toxic element in 
injected bile is the pigment rather than the bile salts and that 
when combined with calctum and magnesium the pigment is 
Iess toxic than when not so combined. This would seem to 
indicate that increased coagulation time may be due to 
decreased calcium content of the blood, the available calctum 
being depleted to detoxify the circulating bile pigment. 
Depletion of the supply of available calcium may also account 
for the bradycardia and for some of the mental and nervous 
symptoms. Other investigators, however, implicate the bile 
salts as the toxic substance and explain the bradycardia on the 
basis of stimulation of the vagus nerve. 

Lee and Vincent® have developed a procedure for determin- 
ing whether calcium therapy will probably be of value in dimin- 
ishing the coagulation time of blood of jaundiced patients. 
It depends upon the principle of adding calcium ions to the 
patient’s blood in vitro and determining whether the coagula- 
tion time of a specimen of blood so treated is less than that of a 
specimen not so treated. 

To perform the test blood is withdrawn into a syringe by 
venepuncture, I c.c. being set aside to coagulate spontaneously, 
whereas to another 1 c.c. amount is added 6 drops of a 0.5 per 
cent solution of a soluble calcium salt. The coagulation time of 
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each of the two specimens is determined. If the coagulation 
time of both is found to be the same, the addition of calcium 
ions has obviously been of no value in the second sample, and 
the delay in coagulation time is therefore considered not to 
be due to a deficiency of calcium. If, on the other hand, the 
specimen to which the calctum was added coagulates more 
rapidly than the untreated blood, the presumption is that 
the blood being investigated is primarily deficient in calcium 
ions, at least in “available” calcium ions, and calcium 
administrations can be depended upon to affect the situation 
favorably. 

Many methods have been devised for estimating coagula- 
tion time, but the more cumbersome techniques have little to 
recommend them, since the possible margin of error by any 
method is considerable. Perhaps the Sabrazes method is as 
simple and satisfactory as any. It consists in allowing a 
capillary glass tube 0.8 to 1.2 mm. in diameter to fill by capil- 
lary attraction, with the blood to be tested noting the time at 
which the blood was originally drawn, and then at intervals of 
one-half minute breaking off small portions of the tube and 
noting the time of the first appearance of a worm-like coagulum 
between the broken ends of the glass tube. The interval between 
the withdrawal of the blood and the appearance of the 
coagulum represents the coagulation time. 

Coagulation time is best computed in connection with blood 
withdrawn from a vein; the normal coagulation time for such 
blood at ordinary room temperature is from four to six min- 
utes. When attempting to estimate coagulation time on blood 
obtained by puncture of the skin, it is standard practice to 
discard the first drop and to use the second or third, because 
each succeeding drop tends to coagulate more rapidly than the 
preceding one. The normal coagulation time for blood so 
obtained at ordinary room temperature may be taken as from 
three to four minutes. Human blood undergoes diurnal 
variations in coagulation time, the coagulation rate being 
usually more prolonged in the forenoon and shortest late in the 
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afternoon. At a temperature of 20° c. the coagulation time is 
approximately twice as protracted as at ordinary room 
temperature. 

Petersen and Mills®* have suggested an interesting and 
simple method of maintaining blood at a relatively constant 
temperature during coagulation time determinations. They use 
in their method capillary tubes of 0.6 to 0.8 mm. inside diam-- 
eter and 1.25 in. in length. These tubes are allowed to fill 
by capillarity up to about !4 im. from the end with blood 
obtained in the ordinary manner by puncture of the skin. 
The little tube is immediately placed in one of the creases of 
the palm of the examiner’s hand, and the hand Is closed over it. 
Coagulation is recognized not by breaking the tube, but by 
failure of the blood column to move within the tube when the 
latter is inverted. In order to observe the movement of the 
column of blood, the hand holding the tube is temporarily 
opened. Inversion of the tube is provided by pronation and 
supination of the hand. The authors believe that when the 
temperature of the blood is thus kept virtually at the tempera- 
ture of the body, one of the most disconcerting variables in any 
coagulation time determination is eliminated. 

In cases of frank jaundice, and in other cases in which the 
coagulation time is found to be demonstrably increased, pro- 
phylactic measures should be instituted to increase blood coagu- 
lability. Calcium salts have been widely used for this purpose; 
they have been administered orally, rectally, and intravenously. 
Calcium lactate by mouth in doses of 1co gr. per day for 
three days, has been of value in the hands of some, but Grove 
and Vines’ have adduced experimental evidence to show that 
the administration of calcium in this manner is valueless. Cal- 
cium chloride is used intravenously, 5 c.c. to 10 c.c. of a sterile 
10 per cent aqueous solution being injected daily for three days 
at the end of which time the coagulation time will have been 
reduced in favorable cases to normal and will remain so for 
from five to seven days. Prolongation of administration beyond 
three daily doses is apparently of no value, since the medication 
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reaches its maximum effect after three injections at twenty- 
four hour intervals. 

In cases in which operation must be delayed for several 
days after the maximal effect of calctum therapy has been 
reached, a repetition of the three calcium injections should be 
performed. Calcium salts when introduced intravenously have 
an immediate effect in raising the blood calcium content, but 
this effect is transitory. Blood calcium determinations per- 
formed two hours or longer after the injection of calcium 
characteristically show a concentration at the same level as 
before injection. Calcium is, however, apparently eliminated 
from the body very slowly. These two latter considerations 
seem to indicate that there must be some mechanism for 
calcium storage. 

Calcium therapy in treating delayed coagulation time is 
relatively untrustworthy and may fail at the most inopportune 
time. The same may be said of the administration of alien 
serum and other measures which have been proposed from 
time to time as of value in facilitating the coagulation of 
blood. In an emergency, of course, the intramuscular injection 
of 10 c.c. of diphtheria antitoxin (horse serum) may be tried 
and occasionally obviates a calamity. 

The administration of one or several blood transfusions, 
however, is the sheet anchor of the jaundiced patient, and 
succeeds in reducing the coagulation time when calcium 
therapy and all other measures fail. Accordingly, many 
authorities are not in favor of even trying the latter at all 
in the average case; they proceed immediately to transfusion, 
thus avoiding possible disappointment to themselves and 
hazard to their patients. In debilitated patients this attitude 
is to be unqualifiedly recommended, transfusion in these cases 
being urgently demanded. In other cases transfusion is prob- 
ably also indicated whenever feasible. The general subject of 
transfusion has been discussed at length elsewhere. 

p. Hepatic INSUFFICIENCY: Just what is meant or should 
be meant by this term is not exactly clear at the present time, 
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because of our imperfect knowledge of the various functions of 
the liver. However, that the liver suffers definite damage in 
jaundice can be shown histologically by examining the hepatic 
tissue of both men and experimental animals following the 
production of prolonged obstructive jaundice; the liver ts 
small and yellow, and the central portion of the lobules is 


packed with bile thrombi; the central zone of hepatic cells. 


shows atrophy, and the peripheral cells often show hydropic 
changes and moderate deposits of fat globules. 

That the administration of carbohydrate tends to obviate 
these changes is strongly suggested by the investigations of 
various authors, especially Opie and Alford,’ who found that 
after chloroform poisoning, which is, of course, essentially a 
liver poisoning, dogs fed with fats die most rapidly, those fed 
with proteins live somewhat longer, whereas those fed on 
carbohydrates live longest of all. Mann and Magath® were 
able to keep dogs alive for twenty to thirty-four hours after 
removal of the liver, by the use of intravenous, subcutaneous, 
and intraduodenal injections of glucose solutions, whereas 
animals refused this treatment developed a_ progressive 
hypoglycemia and died within six hours. Accordingly, the 
treatment of this condition consists in the administration of 
quantities of glucose; percentages as high as 15 per cent may 
be given by rectal drip, the administration being interrupted 
for an hour every other hour. The eating of reasonable amounts 
of candy may also be encouraged. 

E. Nepuritis: The occurrence of nephritis in association 
with jaundice is not infrequent; in fact, a large proportion of 
patients with obstructive jaundice show evidences of a toxic 
nephritis, albuminuria, casts, and increased blood urea. This 
has been explained on the basis of a cytotoxic effect of the 
circulating bile salts on the kidney parenchyma. Haessler, 
Rous, and Broun” have found extensive degenerative changes 
in the renal tubular epithelium of dogs jaundiced for a con- 
siderable period of time, the glomeruli, however, not having 
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been affected. The treatment is medical, consisting of the usual 
measures adopted in uremia occurring in other connections. 


11. POSTOPERATIVE TREATMENT OF THE GALL-BLADDER 
PATIENT 


A. FEEDING: Water, preferably not too cold, may be allowed 
in the average gall-bladder case after about six hours following 
the operation; in case vomiting is persistent fluids should be 
supplied either rectally or hypodermically. Food is commonly 
tolerated and should be forced upon the patient at the end of 
about eighteen hours in case the intestine has not been sub- 
jected to surgery; well sweetened tea, gruels, dry toast, and 
cooked fruits are allowed, as well as the juice of oranges and 
lemons. 

B. PosiTiIoN IN Bep: Any position may be allowed the 
patient which is comfortable for him in cases of simple chole- 
cystectomy. In cases in which drainage has been performed the 
sitting position at an angle of about 35° has the advantage that 
it promotes drainage and tends to prevent the formation of 
subphrenic abscess. 

c. Pain: Postoperative pain may be due to any of the 
factors mentioned previously in connection with abdominal 
operations in general. A severe sticking pain felt in the epigas- 
trium and radiating to the shoulder, which is similar to the 
pain of pleurisy and which is not easily relieved by the use of 
morphine, is frequently due to peritoneal irritation caused by 
bile spillage or the presence of blood clot in the region of the 
gall-bladder bed. 

D. HEMORRHAGE: The capillary oozing, so frequently 
encountered and dreaded before the prophylactic treatment of 
delayed coagulation time became generally used, is not now 
often seen; the treatment of this complication when it does 
occur is the same as the prophylactic treatment, calcium 
chloride, and blood transfusion. 

E. DraiNAGE TuBeEs: Care should be taken that no undue 
traction be made on drainage tubes during removal lest they be 
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torn in two thus leaving a piece of the apparatus behind in the 
abdomen, or by tearing at the anchoring suture bile spillage be 
precipitated, or cicatricial narrowing of the common duct 
result in cases of common duct drainage. 

F. POSTOPERATIVE ACIDOSIS AND ALKALOsISs: Acidosis 
characteristically develops if at all on the second or third day. 
The patient, who may have been resting quietly previously,. 
develops an increase in temperature, pulse, and respiration 
rate, becomes restless and complains of generalized pain; 
the tongue and lips present a parched appearance, the epithe- 
lium over the latter often appearing scaly; vomiting of gastric 
contents and bile stained material from the duodenum occurs, 
and this is usually accompanied by distention. The treatment is 
as already outlined for acidosis in general; while the acidosis Is 
being relieved, codeine in doses of a grain or two either alone or 
in combination with bromides is indicated. 

Acidosis of a greater degree may occasion more severe 
symptoms: the eyes appearing sunken, sordes covering the 
teeth, the lips being parched, the skin moist, cyanotic and 
lifeless, the pulse racing and of small volume, the respiration 
being of the sighing variety and restlessness extreme. Such 
a picture rarely occurs in the absence of peritonitis, and when it 
does occur it calls for prompt and vigorous treatment, and 
especially for frequent checking of the efficacy of the same by 
the chemical laboratory. 

Alkalosis is not a very uncommon accompaniment of gall- 
bladder surgery; it usually is not recognized early because it 
presents no characteristic premonitory train of symptoms and 
signs. In the case already developed the eyes and mouth are 
characteristically closed, the respirations slow and sonorous; 
the extremities are held in tonic spasm with the knees flexed 
upon the trunk; the tongue is moist; the pupils are normal. 
There may be twitching or a coarse tremor of the muscles of 
the face and the extremities. The skin feels normal. Tempera- 
ture and pulse rate rise to very high levels twelve to eighteen 
hours before death. 
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Gc. Hepatic INsurFicieNcy: The clinical picture of post- 
operative hepatic insufficiency is fairly well defined. The first 
three days or a week following operation may have been 
uneventful and bile may have been draining from the operative 
wound normally im cases in which drainage tubes have been 
used. The first change noted is that the drainage becomes some- 
what more profuse, but that the color is also paler and the secre- 
tion thinner. Within twenty-four or forth-eight hours the 
exaggerated rate of flow has ceased, but the character of the 
secretion is thin, pale, and watery. Jaundice does not markedly 
increase, but emaciation rapidly becomes evident. Rosenthal’s 
phenoltetrachlorphthalein test at this time will show an 
increasing degree of dye retention. Collapse begins to appear, 
the temperature becomes subnormal, and the pulse is small; 
restlessness and irritability ensue, and if the condition Is not 
relieved somnolence gives way to coma, and coma to death. 

H. Nepuritis: Following operations on the biliary appara- 
tus there is an increase in blood urea, which, however, should 
not last for more than three or four days; in cases in which the 
preoperative level has not again been reached by the fifth day 
the development of uremia should be suspected. Usually the 
patient will have had a more or less stormy early postoperative 
period with exaggeration of nausea, vomiting, and distention. 
The bile draining from the operative wound is apt to be of 
normal color but scanty in amount. Increasing albuminuria 
and cylindruria with a cessation of the drainage of bile from 
the operative wound, and a deepening of the jaundice con- 
stitute the usual picture. Phenolsulphonephthalein excretion 
is found to be at a low level. The treatment is that of uremia 
otherwise developing. 

1. CHOLECYSDUODENAL THERAPY, THE MCARTHUR INFUSION 
AND Drip: The remarkable therapeutic value of dextrose and 
water in the preoperative and postoperative treatment of gall- 
bladder patients not only with respect to the development of 
acidosis and to a lesser extent alkalosis, but also with respect 
to those complications especially associated with hepatic 
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disease: postoperative vomiting, toxic nephritis, and hepatic 
insufficiency, serves as a fitting introduction to the considera- 
tion of a special method for administering fluids which, though 
not available in other types of surgery, is sometimes provided 
postoperatively in biliary surgery, the method of biliary 
infusion. The method becomes available whenever the surgical 
exigencies of the case have required the artificial produc-- 
tion of a biliary fistula, or whenever such a fistula develops 
adventitiously. 

Biliary fistulas are produced intentionally by the introduc- 
tion of drainage tubes into the gall bladder or into the bile 
ducts; such artificial drainage is commonly adopted in opera- 
tions for acute cholecystitis, especially when complicated by 
gangrene of the gall bladder, and in cases of cholelithiasis or 
biliary duct stones or strictures, especially in cases in which 
gross infection has already developed or in which there is 
doubt whether an uninterrupted channel has been re-established 
for drainage into the duodenum by way of the ampulla of 
Vater. 

The primary object of such external biliary drainage is, of 
course, the relief of associated cholecystitis, cholangeitis, and 
cholemia through a process of decompression, a direct avenue 
of escape for toxic secretions being instituted to the external 
surface of the body. The fistula thus produced, however, 
may on occasion be utilized for an entirely different purpose, 
viz., for the introduction of fluid therapeutic agents into the 
body by way of the biliary ducts and duodenum. Thus, 
biliary fistulas may occasionally be made to serve a beneficent 
twofold function, (1) that of a portal of external drainage for 
toxic secretory products, and (2) that of a portal of ingress 
for therapeutic agents. 

When drainage tubes have been deliberately sewed either 
into the gall bladder or the biliary ducts, all that is necessary 
to provide cholecysduodenal infusion is to supply fluid under 
slight pressure to the free end of the tube; the pressure may be 
provided by a suitable syringe or by gravity drip, the latter 
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being usually preferable. When the tube terminates in the 
gall bladder the injected fluid is conducted thence through 
the cystic duct to the common bile duct and through the 
common bile duct to the duodenum by way of the ampulla 
of Vater; when the tube terminates in the biliary ducts the 
route is, of course, still more direct to the duodenum through 
the common duct and the ampulla of Vater. Naturally, 
fluid flows freely in this retrograde fashion only in case obstruc- 
tions, in the form of impacted gallstones and strictures, have 
been overcome at the preceding formal operation, a state of 
affairs which will ordinarily have been ensured. 

When biliary fistulas occur spontaneously, as occasionally 
happens, or when tubes which were previously introduced 
have been removed, the biliary apparatus must be cathe- 
terized before cholecysduodenal infusion can be invoked. 

McArthur," in a brief and unpretentious communication 
in 1910 first set forth the advantages of the biliary fistula as 
an avenue for the administration of fluid, and the general 
method of fluid administration by this channel is therefore 
properly called the McArthur method, the McArthur infusion 
or the McArthur drip. 

McArthur’s attention was first drawn to the feasibility of 
using the biliary fistula as an additional avenue for fluid 
administration by his observation that during lavage of the 
gall bladder, as frequently practiced after cholecystotomy, a 
certain amount of the fluid used in the irrigation was not 
recoverable; it had found its way through the bile passages 
to the duodenum. He then began to experiment with the 
deliberate administration of fluids by this route and soon 
found that it was easily possible to administer in the course 
of twenty-four hours from 500 to 3000 c.c. of warm sterile 
saline or dextrose solution by adopting the following technique: 
To the tube draining the gall bladder, or the common bile 
duct, as the case may be, is attached by means of a suitable 
intermediate piece of rubber tubing an irrigator container 
filled with the solution to be administered; the rate of flow is 
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adjusted so as not to exceed 5 to 6 drops per second, and the 
height of the trrigator container above the abdomen of the 
patient is not allowed to exceed 20 in. This method, the so- 
called ““McArthur drip method”’ usually causes the patient 
no inconvenience provided the bile ducts are patent and the 
rate of flow is adjusted as just described; on the other hand, 
if some obstruction does exist, or if the rate of flow is too rapid, 
pain like that of mild biliary colic is rapidly engendered, and 
suitable readjustments of the apparatus must be made at 
once. 

Because of the remarkable absorptive powers of the 
duodenum simple solutions of dextrose and sodium chloride 
as well as certain medicaments, like aperients, are very rapidly 
utilized when this device is used. McArthur found that char- 
acteristically the pulse of patients which had previously been 
easily compressible and rapid, soon became fuller and slower, 
thirst which previously had been great was overcome, and 
moisture not previously present was found on the tongue 
and skin; in short, the method presented an exceedingly 
efficient and rapid method for the administration of solutions. 
As secondary effects McArthur believed that he had been 
able to demonstrate an active diuretic action caused by the 
absorbed fluids which was of great value in the treatment of 
associated toxic nephritis and also had seen persistent post- 
operative biliary vomiting cease promptly after flushing the 
duodenum with an alkaline salt solution. 

Matas” in 1911 emphasized the value of the McArthur 
drip in a more extended presentation and stated that he 
regarded it as amongst the “‘life saving measures in the great 
emergencies which are likely to occur in a particularly danger- 
ous group of biliary infections.’”’ Amongst the indications for 
its use Matas considered (1) chronic obstructive jaundice 
associated with toxic nephritis, (2) persistent postoperative 
biliary vomiting, (3) administration of nutrient fluids and 
unpalatable medicated solutions, especially solutions of calctum 
which may be valuable in controlling postoperative hemor- 
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rhage. In this communication Matas particularly emphasized 
the procedure of deliberate catheterization of the bile passages 
in those cases in which no tube was already present in the 
fistula; he recommended, if possible, working a catheter all 
the way into the duodenum and even allowing several inches 
of the catheter to protrude into the lumen of the duodenum. 
He had not only found it possible to pass a fairly large ureteral 
catheter along the tract of a previous common bile duct 
drainage actually into the duodenum, but had also been able 
to work such a catheter through the cystic duct and common 
duct into the duodenum in cases of simple gall bladder drain- 
age. Matas reviews the theoretical anatomic difficulties offered 
by such a feat, especially the presence of the Heisterian valves 
in the cystic duct and the variations in angulation and course 
of the cystic and common ducts, but inasmuch as he has 
found the catheterization of these structures actually practi- 
cable he is forced to conclude that the effects of pathologic 
processes are customarily such as to facilitate the procedure 
rather than to render it more difficult. 

It is very probable that much of the good effect produced 
by postoperative lavage of the gall bladder as frequently 
practiced by those not cognizant of the previously described 
technique of cholecysduodenal lavage is actually due to 
reflux of the irrigating solution into the duodenum during the 
process. 
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CHAPTER XIX 


PREOPERATIVE AND POSTOPERATIVE CARE 
OF PATIENTS WITH TOXIC GOITER 


1. GENERAL COMPARISON WITH RESPECT TO —TREATMENT 
BETWEEN PATIENTS WITH Toxic ADENOMA AND [THOSE WITH 
ExoPHTHALMIC GOITER 


Both patients with toxic adenoma and patients with 
exophthalmic goiter present essentially the same problems in 
treatment, except that the former are more easily controlled 
therapeutically than the latter and, therefore, do not usually 
cause the same degree of anxiety to the medical attendant. 
From the practical point of view the especial value of iodine 
administration in the exophthalmic type of goiter and also the 
more frequent occurrence of myocardial degeneration in this 
type of case serves to differentiate the two conditions 
therapeutically. 

In the treatment of exophthalmic goiter iodine is probably 
always effective in ameliorating the patient’s symptoms, 
providing sufficient dosages are exhibited and providing due 
allowance is made for the effects of possible previous iodine 
medication. Failure of a patient to respond favorably to this 
form of therapy would seem to be sufficient evidence seriously to 
bring in question the diagnosis of true exophthalmic goiter. 
With this view, however, not all observers are in agreement: 
Clute and Mason, for instance, estimate that in about 12 per 
cent of cases iodine has no apparent effect on the symptoms of 
exophthalmic cases. 

In toxic adenoma the effect of iodine therapy is by no 
means so brilliant; some have observed good results as a rule 
and advocate the use of iodine in this condition warmly, others, 
notably Plummer,” have seen resulting increases in basal 
metabolism and exacerbations of the clinical symptoms in a 
certain number of cases and accordingly do not favor the use of 
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iodine at all. In certain cases exophthalmic goiter and toxic 
adenoma are apparently associated in the same patient, and 
such cases will, of course, show a degree of improvement under 
iodine therapy commensurate especially with the exophthalmic 
goiter component. Cases with toxic adenoma, furthermore, do 
not usually require the administration of iodine postoperatively 
even though it has been found of value preoperatively; cases 
with exophthalmic goiter always do. 

Myocardial degeneration Is so characteristic of the case 
with exophthalmic goiter as to constitute an essential part of 
the clinical picture. Myocardial degeneration may also consti- 
tute a part of the clinical picture of the case with toxic adenoma, 
but when it does the degeneration is regarded as largely coinci- 
dental and probably depends somewhat upon the more 
advanced age period in which toxic adenoma develops. 

Since the two kinds of goiter are so closely allied, the treat- 
ment of the two types will not be considered separately, but the 
treatment of the exophthalmic variety will be taken as a type 
from which variations in the direction of simplification may be 
made to fit the less severe cases of toxic adenoma. 


11. PREOPERATIVE CARE OF PATIENTS WITH EXOPHTHALMIC 
GOITER 


The patient with toxic goiter formerly presented a much 
more serious problem for the surgeon than such a patient does 
at present, though it must be admitted at the outset that the 
care of such cases ts still by no means easy, and frequently the 
resources of the surgeon are taxed to the utmost. The advance 
in our knowledge of the proper surgical treatment of the 
thyroid case has consisted not in the elaboration of new 
methods of surgical technique, but has resulted from a clearer 
understanding of the pathology involved and a better, though 
as yet incomplete, knowledge of how to minimize the operative 
risk by proper preparation and subsequent care.* 


*The development of the “stage operation” technique constitutes an exception 
to this statement, but many surgeons with wide experience in thyroid diseases now find 


the use of this operative method rarely, if at all, necessary when patients are properly 


prepared preoperatively. 
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Perhaps the outstanding contribution to the preoperative 
as well as the postoperative therapy of these cases is the use of 
the drug iodine. 

A. THE VALUE, MopE oF ADMINISTRATION, AND ACTION OF 
lopINE: To Basedow, who was one of the first to describe the 
symptoms of exophthalmic goiter, belongs credit for having 
initially described the benefits accruing from the use of iodine in 
goiter. Trousseau, in 1864,* also called attention to the ther- 
apeutic value of the drug. Marine and Lenhart‘ used potassium 
iodide with satisfactory results in the treatment of Graves’ 
disease and reported their findings in 1909. 

For more than a decade subsequent to this time, however, 
the use of iodine in the treatment of hyperthyroidism was 
generally considered to be contraindicated largely because of the 
untoward results reported by Kocher’ in the treatment of 
simple goiter in 1910. In the more firm and nodular types of 
simple goiter Kocher® found that iodine caused a rapid develop- 
ment of symptoms of hyperthyroidism, and for this reason, 
though illogically, he condemned the use of iodine not only in 
adenoma with hyperthyroidism but also in true Graves’ 
disease. 

In spite of the more generally accepted unfavorable attitude 
of physicians during this period of iodine condemnation, there 
were some investigators who had the temerity to use the drug. 
Among these were Loewy and Zondek,® who reported their 
results in 1922 and were able to show that in 3 cases of Graves’ 
disease oxygen consumption had been reduced to a normal 
level as a result of the administration of potassium iodide. 

In 1924, Plummer and Boothby*’ reported favorable 
results following the administration of Lugol’s solution to 600 
cases in doses of 10 minims per day for several days to a 
fortnight preoperatively; these cases were carefully observed, 
and two-thirds of them were greatly benefited. In these patients 
nervous and gastrointestinal symptoms abated, the pulse rate 
was decreased, and the basal metabolic rate was reduced to 
within normal limits. The remaining third of the patients 
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showed lesser degrees of improvement. In seven consecutive 
months at the Mayo Clinic during the period in which this 
therapy was on trial there was only one surgical death from 
exophthalmic goiter and this in a patient who had not been 
given the treatment. 

Rienhoff,® in 1925, added accessory evidence showing the 
beneficial effect of iodine preoperatively in his demonstration of 
a histological change from the typical picture of exophthalmic 
goiter to that of a resting colloid state when iodine was 
administered for several days. The clinical improvement and the 
decrease of metabolism were found to be directly associated 
with this histological change. 

As already mentioned, previous to 1923 the administration 
of iodine was not commonly practiced in connection with the 
treatment of the exophthalmic goiter patient, and the per- 
formance of preliminary surgical procedures, such as “polar 
ligation” and the so-called “stage” operation, were frequently 
necessary in connection with radical thyroidectomy. Since 
the value of iodine has been appreciated, however, primary 
thyroidectomy following the use of iodine has become the rule 
rather than the exception, and to Plummer? belongs much of 
the credit for having established the fact that following the 
administration of fairly large quantities of iodine, the operation 
of thyroidectomy usually requires no general anesthesia, and 
the operation itself is considerably simplified by virtue of the 
fact that the glandular tissue becomes much less vascular and 
friable. There is some evidence that the secretion of the gland is 
normalized. 

The degree of postoperative reaction can also be very 
largely controlled by the preoperative use of the drug, although 
the usual precautions in the preoperative care of exophthalmic 
goiter patients cannot, of course, be neglected, or can the use 
of iodine restore a badly decompensated heart to normal or 
effect the degenerative process that comes with age in such a 
way as to make the patient a more favorable risk. 
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To patients with exophthalmic goiter iodine is usually 

administered in the form of Lugol’s solution: 
Water to I oz. 

This mixture contains 5.79 mg. of available iodine to the 

minim. 

Lugol’s solution is not, however, the only form in which 
iodine may be satisfactorily administered; certain other 
preparations are probably equally efficient, because it is the 
available iodine in the solution used, rather than any other 
characteristic, which is the important factor. 

Following the suggestion of Rabinowitz,’ Clute and Mason! 
of Lahey’s Clinic have used a hydriodic acid-iodine solution 
with entire satisfaction, and regard such a preparation when 
used in doses of 60 minims daily of equal efficiency with 
Lugol’s solution when used in doses of 30 minims daily. 

No absolute uniformity of opinion exists as to the proper 
dose of iodine. Perhaps 30 minims of Lugol’s solution daily is 
as often given as any dosage. Because Cattell'® found that 
when a single dose consisting of 30 minims of Lugol’s solution 
was given (250 mg. of iodine), 60 to 80 per cent of the drug was 
excreted during the first twenty-four hours, and traces persisted 
in the urine for several days thereafter, he believed that the 
ordinary dose of 10 minims thrice daily was excessive. Clinical 
results, however, do not substantiate this conclusion in the 
experience of many observers, although Marine,‘ Lowey,° 
Zondek,® and Neisser!! used smaller amounts with success. 
Of course, it does not necessarily follow that because a drug is 
excreted that it has been of no value during its sojourn in the 
body tissues. Furthermore, there is no evidence to substantiate 
the contention that iodine in the usual dose or even in much 
larger doses is actually harmful. Certain cases which do not 
improve satisfactorily on 30 minims of Lugol’s solution per 
day will be found to show much more satisfactory results 
when given 60 minims per day. 
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In cases in which a patient has received doses of iodine for a 
number of months preceding the contemplation of an operative 
procedure, and thereby has developed tolerance to the drug the 
dose must be greatly increased to be effective, even up to 120 
drops or more a day. Perhaps there will be found in any con- 
siderable series of cases certain ones having received iodine for 
periods so long that the production of artificial remission by 
this means is no longer possible at all. 

Under active iodine therapy patients characteristically 
show the most marked clinical improvement at the end of the 
first eight or ten days, but when operated upon at this time do 
not seem to withstand the effects of operation as well as when 
the preparatory period is extended for several days longer; in 
general, maximum improvement from the point of view of 
operative safety is secured only at the end of a period of two 
weeks. 

The clinical improvement consists of (1) disappearance of 
nervousness, restlessness, tremor, and shakiness, (2) disappear- 
ance of the staring or frightened appearance, occasionally 
though infrequently, recession of the exophthalmos, (3) 
diminution of perspiration and the sensation of heat, and (4) 
abatement of ravenous appetite in patients so afflicted, or 
return of normal appetite to patients previously suffering 
from anorexia. 

B. CrassicAL PREOPERATIVE Care: To G. W. Crile” 
belongs much of the credit for having enunciated, reiterated, 
and popularized the general principles of preoperative and 
postoperative care of the toxic thyroid case, and no account 
would be complete without a résumé of the type of treatment 
which he has advocated and which has come to be regarded as 
fundamentally sound. 

At Crile’s Clinic emphasis is placed on getting the patient to 
the hospital and preparing her for operation with as little 
psychical disturbance as possible. To this end preliminary 
business arrangements are disposed of in advance of the advent 
of the patient to the hospital so that she may be received by the 
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nurses and attendants, weighed, and put to bed with an 
absolute minimum of routine and delay. Once the patient is in 
bed she does not get up again until after the operation. 
The first day in the hospital is a day of acclimatization, and the 
patient is visited by the surgeon in attendance only in a casual 
way for purposes of getting acquainted. Only on the second 
day is an attempt made to obtain a record of the history of the 
case and the physical findings, and even then if the patient 
shows any signs of fatigue the examination is stopped forthwith, 
to be resumed only after a sufficient interval has ensued to 
allow the patient to regain her psychic and physical poise. 
The condition of the myocardium is ascertained with particular 
care, and if any sign of myocarditis is noted digitalization is 
instituted at once, 20 minims or less of the tincture every four 
hours being used for from 8 to 12 doses, or until maximum 
restoration of the myocardium has been eflected. The kidney 
function is determined in the average case by means of the 
Mosenthal technique, since this involves a minimum of dis- 
turbance to the patient; but in cases which show evidence of 
actual nephritis a phenolsulphonephthalein test is made by 
intramuscular injection of the dye, and operation is delayed 
and treatment is instituted until the output of the dye 
is at a safe Jevel. This treatment consists of rest in bed, forcing 
of water by mouth, subcutaneous infusions of 142 per cent of 
novocaine solution (Bartlett) in normal saline solution, 
glucose and sodium bicarbonate in 10 per cent solution by 
rectum, and the reduction of proteins and salts in the diet to a 
minimum; frequently the dietary treatment takes the form of a 
simple milk diet. If there is retention of fluids with edema hot 
packs are also used. 

The treatment of the insomnia, of which patients with toxic 
goiter so frequently complain, consists of the administration of 
30 grains of sodium bromide every evening at eight o’clock. 

It is considered good practice to anticipate a possible 
reaction resulting from sudden diminution of thyroid secretion 
as the result of thyroidectomy by administering 2 grains of 
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thyroid extract the night before and the morning of operation. 
It is believed at the Crile Clinic that the cycles of vomiting, 
tachycardia, restlessness, and delirium, usually described under 
the term “hyperthyroidism” are due to an intracellular 
acidosis, the treatment for which consists of digitalization 
as previously described, blood transfusion, and subcutaneous 
infusion of from 3000 to 5000 c.c. of normal saline solution 
every twenty-four hours. 

Crile advises that the time of the operation be not revealed 
to the patient and that all preparations for operation be made 
daily beginning with the second day of the patient’s stay in the 
hospital just as if the operation were to be done that day, 
except that sterile water is used for hypodermic injection 
instead of morphine and atropine, and anesthesia with the 
nitrous oxid-oxygen machine is not allowed to progress to the 
point of loss of consciousness; operating-room clothing, 
pneumonia jacket, and leggings are, however, supplied during 
the dummy preparations. On the day of the actual operation 
morphine and atropine are substituted for water, and anes- 
thesia is carried to the stage of unconsciousness, whereupon the 
operation is then either completed in the patient’s room or the 
patient is carried to the operating theater, depending upon 
circumstances. 

c. PERMISSIBLE DEVIATIONS FROM THE CLASSICAL PRE- 
OPERATIVE Care: As has previously been stated this outline of 
preoperative therapy is fundamentally sound, and the only 
possible argument which can be directed against it is the 
argument of expediency. Although probably no essential 
feature of this program can be neglected with impunity in the 
severe case, unless possibly the elaborate system of dummy 
operations culminating in an unexpected real one, a procedure 
also called “‘stealing” the gland, there are undoubtedly many 
cases of less severe type in which prolonged preoperative 
hospitalization and a rigorous, prolonged, preoperative regime 
of acclimatization are not possible, necessary, or even advisable. 
Intelligent and cooperative patients, whose symptoms are not 
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too severe and whose financial resources are not adequate to 
cope with the expense of a considerable hospital bill, may be 
instructed how to take care of themselves at home during 
most of the preparatory period, which in the average case is not 
less than two weeks. They should be impressed, however, with 
the fact that strict rest in bed is of primary importance and 
that rigid adherence to the other items of treatment indicated 
in the particular case can alone obviate the enforcement of 
these regulations for a prolonged period in the hospital at a 
later date, providing subsequent examination proves that the 
home treatment has been inadequate. Three days of pre- 
operative rest in bed in a hospital is probably a minimum 
requirement in such cases, and during this period a thorough 
investigation of the patient as an operative risk should be 
made, a complete history taken for record, and any special 
laboratory examinations not previously made should be 
completed. 

Dp. THE VALUE OF Basat METABOLISM DETERMINATIONS: 
The place of basal metabolic studies in connection with the 
preoperative care of toxic goiter cases is a somewhat mooted 
question. It should be emphasized, however, that with the 
clinical methods commonly available the accuracy with which 
the basal metabolism can be computed is not very great, a 
10 per cent error probably being of no infrequent occurrence, 
and consequently small variations either from normal or from 
previous determinations should not be too closely construed. 
All in all, it is probably true that such determinations are of 
far greater value in differential diagnosis in obscure cases than 
they are as an index to the progress of patients under active 
therapy. The general condition of the patient, especially the 
pulse rate and the emotional stability, are probably far better 
prognostic guides to the experienced thyroid surgeon than any 
attempt to measure metabolism, though such a statement 
must be construed as casting no unfavorable reflections on the 
metabolimeter as an instrument or the intelligent use of it in 
the toxic goiter case, especially for those of less experience who 
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will often require as much help as possible from all sources in 
treating a case of any considerable severity. Rest in bed and 
administration of adequate doses of iodine for a period of from 
eight to ten days preoperatively usually decreases the basal 
metabolic rate of patients with exophthalmic goiter by about 
18 per cent; but the amount of absolute decrease in metabolic 
rate is of less significance than the uniformity of decrease when 
daily readings are compared. 

E. THE VALUE OF Forcep FEEDING: There remain to be 
emphasized several factors of particular importance in the 
general care of the exophthalmic case. 

Perhaps the outstanding pathology consists of increased 
metabolism, and naturally this means the utilization of 
abnormally large quantities of both food and water; in order 
to maintain the weight and nutrition of a patient, it is, there- 
fore, of the utmost importance that both foods and fluids be 
supplied in unlimited quantities and that the diet be selected 
from substances of high caloric value. If the patient can take 
extra meals these should be supplied without stint, and it Is 
well even in the absence of craving for nourishment to tempt 
the patient’s appetite between meals with easily digested 
preparations such as whole or prepared milk, egg-nog, and 
ice cream. Tea, coffee, and tobacco are, of course, prohibited 
because of their stimulating qualities. 

F. THE VALUE OF SEDATIVES: The apprehensive and itrrit- 
able patient requires the exhibition of sedatives to the extent of 
complete control of anxiety or even mild somnolence. In the 
average case no drug serves quite as well for this purpose as 
bromides in relatively large doses; 60 grains of “triple bromides” 
is not a particularly large dose. In the event that the patient 
exhibits an idiosyncrasy to bromides, veronal, and even luminal, 
may be used, but these are distinctly less desirable drugs, 
especially the latter which is essentially a depressant of motor 
activity rather than of the psychic functions. 

G. THE VALUE OF PREOPERATIVE X-RAY IRRADIATION: 
Although the use of x-ray radiation of the thyroid is a thing 
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of the past as far as accepted therapy is concerned the adminis- 
tration of a single dose of such irradiation may occasionally 
serve as a valuable preoperative adjunct to thyroidectomy in 
the severest forms of the disease. Naturally, if invoked, this 
form of treatment should be administered only by a thoroughly 
competent radiologist. The maximum benefit may be expected 
from such therapy in from ten days to two weeks. 


111. GENERAL PosToPERATIVE TREATMENT OF EXOPHTHALMIC 
GoiTER PATIENTS 

The more recently adopted preoperative care of toxic 
thyroid cases, as has just been described, has done much to 
minimize the complications of the postoperative period, but 
the care of these cases is often a serious matter notwithstanding. 

Although most patients perspire freely during their sojourn 
in the operating room, the thyroid patient usually does so 
unduly, and a change of garments before placing the patient 
in bed after such an operation as thyroidectomy becomes a 
very important matter. This procedure assumes added 
importance because ice-bags must almost always be used 
subsequently for the control of body temperature and the 
effect of cold and dampness together would be not only highly 
unpleasant from the point of view of the patient’s comfort, 
but also highly undesirable from the point of view of her 
uncomplicated convalescence. The bed, having previously 
been warmed by means of hot-water bottles, is arranged to 
receive the patient in a sitting, or at least a semi-sitting, 
position. In patients too sick to be placed immediately on a 
back rest the head of the bed should at least be elevated 
10 to 12 in., and the sitting position may be subsequently 
assumed usually in from ten to twelve hours. The sitting 
position may be suitable from the beginning, especially in 
those cases in which the operative procedure has been per- 
formed under local anesthesia; pillows are placed under the 
knees and back of the head, the former to promote comfort 
and the latter to relax any possible tension on the suture-line 
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in the neck; additional pillows may and should be banked 
about the rest of the body in such a manner as to facilitate 
the completest possible relaxation of the patient’s muscles. 
In most cases it is well to forestall the advent of undue pyrexia 
by the immediate application of ice-bags; most frequently as 
many as five will be required and they are best placed external 
to the sheet or blanket covering the patient, and in close 
relation with the heart and larger vessels, i.e., one over the 
precordium, one in each axilla, and one in each iliac fossa. 

Morphine is given to the thyroid case, as to other post- 
operative cases, for the complete control of pain, and, indeed, 
complete relief from pain is doubly important in such a case 
because pain and consequent restlessness do much to raise an 
already unduly high metabolic rate. Bromides are of especial 
importance as a sedative in thyroid cases but usually cannot 
take the place of morphine in the earliest postoperative period; 
bromides are, accordingly, usually reserved until such time 
as actual pain shall have given way to restlessness. 

The administration of iodine in the form of Lugol’s solution, 
or otherwise, to the exophthalmic goiter patient Is as important 
postoperatively, if not more important, than the preoperative 
use of this medication. The amount given, the prepara- 
tion, and the method of administration all vary with the 
patient and the patient’s condition. In certain cases the 
administration of Lugol’s solution by mouth and in the same 
amounts as given preoperatively can be continued into the 
postoperative period without interruption except for a single 
dose, or at most two doses. On the other hand, many cases, 
especially those which are very toxic, cannot take medication 
per os, and these are precisely the cases which ordinarily stand 
in most urgent need of iodine therapy. Two additional avenues 
through which medication may be administered are, of course, 
per rectum and by hypodermic. Rectal administration of drugs 
is, by and large, unsatisfactory because absorption is frequently 
slow and also frequently incomplete, the latter making neces- 
sary the administration of rather larger doses than are needed 
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when other methods of administration are used. For adminis- 
tration by hypodermic the intravenous route is necessitated 
by the fact that the active iodine compounds are highly 
irritating when injected directly into fixed tissues; fortunately, 
sodium iodide is well tolerated intravenously and acts as a 
very satisfactory compound for the purpose. About 30 grains 
of sodium iodide constitute an average dose, and when made 
up in 10 per cent solution the dose Is, accordingly, about 20 c.c. 

Jackson" has recently called attention to the possibility of 
supplying iodine by means of the duodenal tube in such cases 
as are not able to tolerate iodine by the usual avenues of 
administration. He advises passing the tube on the afternoon 
preceding the operation and leaving it thereafter in situ, the 
patient thus being allowed sufficient time to adjust herself 
to the presence of the tube and to the passing of fluids, nourish- 
ment, and iodine into the duodenum before the operative 
procedure is instituted. The tube is then left in place for forty- 
eight hours after the operation in the average case, although 
sometimes it is withdrawn twenty-four hours sooner, and 
sometimes is allowed to remain one day longer. By the use of 
the duodenal tube the absorption of adequate amounts of 
iodine is assured, and postoperative complications in Jackson’s 
hands have been minimized to a very satisfactory degree. 

As previously mentioned, the fundamental pathology in 
hyperthyroidism is elevation of the metabolic rate, and this 
pathology is not corrected promptly at the time of operation; 
rather, it is exaggerated for a time afterwards. Administration 
of Lugol’s solution and the exhibition of morphine and 
bromides are of value because of their pharmacological action, 
but they do not strike at the heart of the disturbed metabolism. 
The condition calls fundamentally for an increased fuel intake. 
It has been estimated on the basis of total respiratory quotient 
determinations that whereas 18 per cent of a dose of 100 gm. of 
dextrose is oxidized by the normal individual in two and one- 
half hours, twice this amount may be oxidized by the patient 
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in no condition at first to take, by natural channels, amounts 
of dextrose sufficient to supply his excess requirements, and 
under these conditions there occur, first, depletion of the 
glycogen stores in the liver and later invasion of the proteins 
and fats. Fifty-eight per cent of the proteins may be converted 
into carbohydrates, but during the process (1) rapid loss of 
weight occurs, and (2) the products of protein catabolism, © 
ammonia, and urea, must be eliminated by the kidneys, an 
added burden. When the fats of the body are involved absence 
of the proper amount of concomitant carbohydrate catabolism 
may lead to incomplete combustion, as explained previously 
in connection with the general subject of acidosis and ketosis, 
may develop. 

The indications are obviously to maintain the supply of 
carbohydrate food; this may be done partly by oral adminis- 
tration of dextrose in the form of sweetened drinks, such as 
orange juice and ginger ale, partly by the judicious administra- 
tion of dextrose by means of the rectal drip, and in emergencies, 
1.e., the so-called “thyroid storm”’ by intravenous administra- 
tion of glucose in 5 per cent solution, 500 to 3000 c.c. In the 
twenty-four hours. 

Since all metabolic changes involve the liberation of heat, 
another prime requisite in the treatment of a condition such 
as this with increased metabolic rate is the supplying of 
adequate quantities of water, the latter constituting the great 
heat regulating medium of the body. Water is usually supplied 
along with the dextrose in sufficient quantities in the manner 
just described. 


1v. COMPLICATIONS OF THYROIDECTOMY 


Thyroidectomies are usually followed by considerable 
drainage from the wound for the first twelve hours following 
operation, and, accordingly, the wound should be dressed at 
the end of this period and every twenty-four hours thereafter 
until complete healing is established. Rubber drains are 
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usually removed at the second dressing and the stitches or 
skin clips on the third postoperative day. 

The postoperative complications which may ensue upon 
thyroidectomy in toxic cases include: 

1. ““Acute hyperthyroidism,” also known as post- 
operative reaction” or the “thyroid storm”’ 

2. Hyperpyrexia 

3. Tachycardia 

4. Wound infection 

5. Collapse of the trachea 

6. Tracheitis and laryngitis 

7. Hemorrhage 

8. Paralysis of the vocal cords 

g. Tetany or “pseudotetany” 

10. Myxedema 

11. Acute cardiac dilatation and auricular fibrillation. 

a. AcuTE HypertuyroipisM: Crile? believes that the 
so-called “‘post-operative reaction”’ formerly so often seen 
and consisting of nausea, vomiting, diarrhea, extreme restless- 
ness, which borders on delirium, and accelerated pulse rate 
with a rapidly mounting temperature, and occasionally sup- 
pression of urine, can be eliminated by, (1) the adoption of 
nitrous oxid analgesia instead of surgical anesthesia, (2) by 
minimizing shock and exhaustion by operation in the patient’s 
own room in severe cases, (3) by the avoidance of prolonged 
operation, (4) by the prevention of absorption of wound 
secretion, and (6) by the multiple stage operation. 

When actually developed the pyrexia is best controlled 
by the use of ice bags, the original frve which are used as a 
matter of routine being doubled for every degree rise in 
temperature up to 102°F. When the temperature reaches 
103°F. (rectal 104°) a rubber sheet is spread over the mattress 
and the patient is rolled in another rubber sheet, after which 
150 to 200 lb. of cracked ice are heaped up about the patient, 
an ice bag is put to the head, and an electric fan at the foot 
of the bed blowing directly on the patient. The temperature 
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falls in the average case at the rate of about 2° per hour, but 
the fall of temperature should be checked every twenty 
minutes to avoid too rapid reduction in the case of susceptible 
patients. The patient is removed from the ice pack when the 
temperature has reached 100°F. (101°F. rectal) since a further 
reduction in temperature may be expected and the develop- 
ment of a subnormal temperature Is undesirable. 

In administering the ice-pack especial care should be taken 
to avoid contact of moisture with the patient’s skin lest the 
sheets actually freeze fast to the latter. Chilblains are apt to 
form on the thighs or abdomen in cases requiring prolonged 
treatment in such a pack, and it is of the utmost importance 
to inspect the patient for evidences of such an occurrence as 
soon as the pack is removed in order that any frost-bitten 
areas may be rubbed with ice during the process of thawing. 

B. TACHYCARDIA: Tachycardia is believed to be of nervous 
origin and is not a sign of a failing myocardium even in those 
cases in which there is a fatal outcome. 

c. WounD INFECTION: Wound infection is treated by 
opening the wound widely, packing with sterile gauze, treat- 
ment with hot compresses of hypertonic salt solution, or 
irrigation with Dakin’s solution hourly, and the application 
of hot sterile dressings to the wound surface between irriga- 
tions. A secondary closure is made when sterilization has 
been effected. 

Dp. COLLAPSE OF THE TRACHEA: Collapse of the trachea 
occurs as a definite clinical entity and occurs either during the 
actual operative procedure itself or within a very few hours there- 
after; it produces marked dyspnea and leads ultimately to 
death from asphyxia in the untreated case. The fundamental 
pathology is a softening or erosion of the cartilaginous rings 
of the trachea due to pressure atrophy and accordingly is 
encountered especially in connection with relative large and 
hard goiters, particularly in those of the nodular type. Previous 
to operative interference collapse is prevented by the presence 
of supportive connective tissue trabeculae and adhesions 
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between the damaged trachea and the tumor mass; when the 
latter is removed, however, the support being now absent, 
there Is a tendency for the walls of the trachea to fall together 
during inspiration. Obviously the treatment for such a condi- 
tion is immediate tracheotomy and the institution of some 
mechanical measure designed to maintain the patency of the 
trachea until sufficient adhesions have formed to prevent a 
further recurrence of the collapse; commonly this latter 
procedure consists of temporarily fastening a tracheotomy 
tube in place. 

E. TRACHEITIS AND LaryNGiTIs: Cases of collapse of the 
trachea are probably much less frequently encountered than 
previously supposed, many or most of the cases previously so 
diagnosed being actually cases of tracheitis or laryngitis. 
These two complications are secondary to (1) direct operative 
trauma of the trachea and larynx, (2) interference with the 
blood supply to these organs, or (3) a combination of both of 
these factors; there may or may not be present a complicating 
injury to the recurrent laryngeal nerve. The presenting 
symptom is dyspnea, which frequently is severe but rarely so 
severe as to jeopardize the life of the patient; increasing hoarse- 
ness occurs pari passu and suggests the diagnosis. The funda- 
mental abnormality consists of edema which can usually be 
definitely observed by means of the laryngoscope; two to four 
hours are required postoperatively for the development of 
sufficient edema to cause marked symptoms, and this repre- 
sents the characteristic time interval noted in these cases. 
The tracheitis and laryngitis of thyroidectomy usually 
responds within twenty-four hours to the erection of a steam 
tent over the patient’s bed and the subsequent inhalation of 
a warm atmosphere saturated with moisture. The administra- 
tion of some sedative for the initial cough is indicated, usually 
1¢ grain of codeine every fifteen minutes for four doses. 

F. PARALYSIS OF THE VOCAL Corps: Paralysis of the vocal 
cords is always a matter of grave concern when it occurs, 
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condition and the consequent prognosis. On the one hand, the 
condition may be secondary to tearing, cutting, crushing, or 
inclusion within a ligature of the recurrent laryngeal nerve, 
all of which conditions characteristically give rise to a perma- 
nent paralysis, whereas, on the other hand, it may be resultant 
upon the pressure incident to edema or upon temporary loss of 
function due to unwise manipulation, particularly traction, in 
which cases the paralysis may be expected to disappear 
completely in one or two weeks. Obviously either one or both 
recurrent laryngeal nerves may be involved and consequently 
either one or both of the vocal cords. 

Monolateral involvement of the cords may or may not be 
accompanied by hoarseness or voice changes; in those cases in 
which voice changes do occur they are usually only temporary 
and disappear as the remaining cord hypertrophies. Bilateral 
cord paralysis is a much more serious complication, interference 
with phonation occurs in two main types: (1) that in which 
the patient is able to talk but does so with a characteristic 
“brassy” or cackling quality, which once heard associates 
itself with cord paralysis, or (2) that in which, although the 
speaking voice.is lost, a loud falsetto whisper is still possible. 
In the first type there is likely to be early partial obstruction to 
breathing, a complication which ts absent in the second, and 
this frequently may call within twenty-four hours for the 
performance of tracheotomy to relieve distressing dyspnea 
and stridor. In the second type there is much less likelihood 
of interference with breathing, but the drinking of water 
causes a most distressing coughing and choking. In both 
types it is well to be momentarily prepared to perform tracheot- 
omy in cases in which such a procedure may be required, and 
prophylactically much may be done to minimize such a possi- 
bility by the erection of a steam tent by means of which either 
simple or suitably medicated steam-saturated air may be 
provided. 

G. HEMORRHAGE: Hemorrhage following thyroidectomy 
occurs characteristically in two main types: (1) the early, 
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and (2) the late. Early hemorrhage which occurs during the 
course of the first forty-eight hours may result from a variety 
of factors, such as initial incomplete hemostasis, the slipping of 
improperly tied ligatures, diffuse capillary oozing, and the 
reopening of temporarily thrombosed vessel ends as the 
result of an infectious process; some vessel, characteristically a 
relatively small one, becomes eroded and ultimately ruptures. 
The symptoms of hemorrhage, which occur particularly in 
connection with the first or early type, are in the earliest stage 
entirely subjective; the patient complains of tightness in the 
throat, sometimes described as a “lump in the throat,” 
difficulty in breathing and swallowing, and, ultimately, loss 
of the power of speech. Symptoms of asphyxia ensue if the 
condition is not relieved, and these may progress to the actual 
death of the patient. The treatment consists naturally in any 
case of hemorrhage of reopening the wound, evacuating any 
blood clot which may be present, and control of the hemor- 
rhage by ligation or packing according to the circumstances. 

H. EDEMA OF THE SKIN FLap: It Is only rarely that edema 
effects more than the skin flap; it represents temporary 
interference with blood and lymph drainage from the part 
and invariably subsides under the influence of hot, wet 
compresses of hypertonic salt solution. 

1. ECCHYMOSIS IN THE REGION OF THE WouND: Ecchymosis 
may occur, and it in contradistinction to edema is not confined 
to the skin flap but may be diffuse over the neck and even 
down over the chest. The treatment is the same as that of 
edema, the application of hot moist compresses of hypertonic 
salt solution, and the prognosis is good except for the danger of 
secondary infection of the extravasated blood. 

j. TETANY: Formerly, in the days when total lobectomy 
was the operation of choice for goiter, the postoperative 
development of tetany was of much more frequent occurrence 
than it is at present. The development of this complication is 
dependent upon injury to, or removal of, the parathyroid 
bodies, an accident which is now largely obviated by the 
Book Page 643 


566 CARE OF PATIENTS WITH TOXIC GOITER 


operation of resection which leaves intact the posterior capsule 
of the gland and approximately an eighth of the total glandular 
substance attached thereto. Tetany occurs in two forms, (1) 
the transient, which is dependent usually upon interference 
with the blood or nerve supply to the parathyroids rather 
than any direct injury thereto, and (2) the permanent which 
formerly, as noted just previously, was due to operative 
removal of these organs, but now is apparently due in those 
rare cases in which it does occur to permanent interference 
with the blood supply or other factors not at present well 
understood. Pseudotetany usually appears in from two to 
twenty-four hours after operation and is characterized by 
moderate spasticity of the muscles of the forearms and lower 
extremities, flexing of the fingers, itching of the finger-tips and 
nose, and slight circumoral pallor. Spontaneous recovery in 
from six to forty-eight hours is the rule. Permanent tetany is 
recognized by the occurrence of typical tetanic contractions 
of the muscles of the body which commence merely as fibrillary 
twitchings, but which become progressive in character. 
Administration of calcium chloride intravenously in doses of 
5 c.c. of a 10 per cent solution controls attacks of parathyroid 
tetany, and a milk diet supplemented by the exhibition of 
calcium lactate by mouth acts both prophylactically and 
curatively in eliminating within a few days the transient type 
of the condition. In the permanent type, which gives cause for 
greater anxiety, the exhibition of calctum chloride intrave- 
nously and parathyroid extract either by hypodermic injection 
or by mouth, preferably the former, may give symptomatic 
relief but obviously cannot cure the condition. 

K. Myxepema: Thyroid insufficiency with resulting myxe- 
dema hardly occurs as the result of the removal of too much 
tissue operatively nowadays, since the mechanism of the 
development of such a condition is too well understood and 
appreciated; in rare cases, however, wound infection and 
interference with blood supply may give rise to sloughs of 
otherwise suflicient thyroid residues and cause mild degrees of 


Book Page 644 


f 


PREOPERATIVE & POSTOPERATIVE TREATMENT — 567 


myxedema. The treatment of such a complication is, of course, 
medical and consists of the administration of thyroid extract 
or its active principle, thyroxin. 

Lt. Carpiac DILATATION AND AURICULAR FIBRILLATION: 
Acute cardiac dilatation and auricular fibrillation not infre- 
quently occur in connection with advanced cases of exophthal- 
mic goiter and in adenomatous patients with chronic myo- 
carditis. If prophylactic treatment fails to avert this com- 
plication digitalin in 145 gr. doses each hour by hypodermic 
injection may be tried or strophanthin in a dose 14 mg. in 
5 c.c. of sterile normal saline intravenously repeated in fifteen 
minutes. 


v. CONVALESCENT CARE OF THYROIDECTOMIZED PATIENTS 


The period of actual postoperative sojourn in the hospital 
varies from six to twelve days and the period of confinement 
to bed from two to eight, depending upon the type of goiter, 
patients with simple adenomas recuperating rapidly, those 
with exophthalmic goiters much more slowly. On discharge 
patients are told that their condition has been improved and 
that complete recovery may be expected to ensue after an 
interval of some months. 

There is apparently no uniformity of opinion as to the 
length of time after thyroidectomy during which administra- 
tion of iodine should be continued. The rationale of post- 
operative iodine therapy is, however, sound and is based on 
the experimental studies of Halstead and Marine. Halstead'® 
showed in 1896 that in dogs which had been subjected to 
partial thyroidectomy compensatory thyroid hyperplasia 
subsequently occurred, and Marine and Lenhart'® repeating 
Halstead’s experiments were able to show (1) that this hyper- 
plasia did not occur until the iodine store in the remaining 
portion of the gland had fallen below 0.1 per cent, (2) that 
when compensatory hyperplasia occurs it occurs in proportion 
to the decrease of the iodine store, and (3) that as much as 
three-quarters of the normal gland could be removed without 
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the development of subsequent hyperplasia providing small 
doses of iodine were given postoperatively. Iodine is therefore 
apparently of value in the prevention of postoperative thyroid 
hypertrophy and is given with that purpose in mind. 

Clute and Mason! have used with satisfaction a dose of 
10 drops of Lugol’s solution weekly. If at the end of a period of 
three months satisfactory improvement has been made the 
drug is then discontinued; otherwise it Is continued for a 
longer period. In cases in which patients are subjected to a 
multiple stage operation these authors prescribe 10 minims 
daily for a period of six weeks between stages. 

Many authorities advise continuation of iodine therapy 
for at least six months, the dose depending upon indications, 
and many authorities preferring alternating periods of active 
therapy with periods of rest. 
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CHAPTER XX 


PREOPERATIVE AND POSTOPERATIVE CARE OF 
GASTRIC CASES 


1. PREOPERATIVE TREATMENT OF GASTRIC CASES 


A. THE IMPORTANCE OF GENERAL AND SUPPORTIVE CARE: 
The general condition of the patient requiring gastric surgery 
is usually of far greater importance preoperatively than any 
other consideration, and frequently the exigencies of the case 
require that the amelioration of this condition take precedence 
over everything else. To concentrate upon operation to the 
exclusion of general treatment in a patient the victim of 
pyloric obstruction in whom excessive vomiting, gastric dilata- 
tion, and toxic absorption were prominent features of the case 
would be to court almost certain disaster. 

Preoperative care in gastric cases is of special importance 
in patients with obscure gastric disorders or those in whom 
the gastric disorder is complicated by other pathology, in 
patients who have undergone previous operative procedures, 
in those with recent and extensive gastrointestinal hemor- 
rhages, in patients with pyloric obstruction and _ gastric 
retention, and in patients with carcinoma, especially those 
presenting cancerous cachexia. Cooperation between the 
internist and the surgeon has proved of the greatest prophy- 
lactic value in connection with gastrointestinal lesions com- 
plicated by gastric retention or obstruction. 

B. LocAL PREPARATION OF THE GASTROINTESTINAL TRACT: 
It is considered necessary or desirable by some surgeons to 
attempt to sterilize the lumen of the stomach previous to 
operations on this organ, the technique consisting of scrupulous 
oral hygiene for a few days combined with the ingestion of 
sterile food only. 

Finney! who is an ardent advocate of the method describes 
his regime thus: 
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For several days previous to the operation the patient is instructed to 
brush his teeth thoroughly with an antiseptic toothpaste and rinse the 
mouth with a 1 per cent carbolic acid solution several times a day. For the 
same length of time he is kept on a sterile diet, i.e., cooked foods, pasteur- 
ized or boiled milk, eggs, orange juice, boiled water, etc. If there is gastric 
stasis, lavage once or twice a day, depending upon conditions present, 
should be employed. Repeated observations by various authors, notably 
Cushing and Livingwood, observations that have been abundantly confirmed 
by cultures taken by me from both stomach and duodenum upon the 
operating table, have convinced me that the acid stomach will sterilize 
itself in approximately forty-eight hours, if no infectious material is mean- 
while ingested. However, this rule does not apply in case of ulcerating 
carcinomata of the stomach walls. In the latter condition various forms of 
bacteria have been recovered, especially the streptococcus pyogenes. 


Although attempts to reduce the number and virulence of 
bacteria in the upper gastrointestinal tract by means such as 
these are highly rational, it would, however, seem that even 
the most ardent advocates of the method admit that the 
procedure is not altogether effectual in those cases in which 
it is most desirable. The acid stomach sterilizes itself readily 
without aid, and the abnormalities which the surgeon must 
treat in an organ, the seat of normal or excess acidity, are for 
the most part relatively simple, usually not more than gastro- 
enterostomy; the stomach Jacking in acidity is apt to be the 
seat of carcinoma, for the adequate treatment of which radical 
surgery alone will suffice. Furthermore, a fairly large number 
of cases requiring gastric surgery are in extremis, due to 
abnormal conditions such as ruptured gastric ulcer and stab 
or gunshot wounds of the abdomen; in such cases attempts at 
sterilization are, of course, out of the question because of the 
urgent nature of the operative indications. Furthermore, 
the absolute sterilization of the oral cavity is never accom- 
plished, and since patients are continually swallowing saliva 
from a contaminated mouth, sterilization, though perhaps 
measurably complete, cannot ever be absolute. Therefore, 
it can be taken as a working principle that if time can safely 
be spared for the purpose, an attempt to sterilize the stomach 


Book Page 652 


PREOPERATIVE & POSTOPERATIVE TREATMENT — 575 


and the upper intestinal tract will certainly do no harm and 
may occasionally be of much value; but the fact that such an 
attempt has been made should in no case be allowed to provoke 
a sense of false security either in the conduct of the operation 
itself or in the consideration of postoperative complications 
thereafter. 


ul. PoSTOPERATIVE CARE OF GASTRIC CASES 


The two principal indications following gastric operations 
are: (1) the maintenance of the fluid intake at as near a normal 
level as possible, and (2) the administration of sufficient food 
to take care of the body requirements of the convalescent 
patient. The treatment follows the lines laid down for other 
operative cases in most essential details. There is, however, 
an especial indication in these cases to keep the gastrointestinal 
tract free from peristalsis for a period of at least four days in 
order that undue tension be not exerted on the intestinal 
suture-line and accordingly no loosening of sutures and 
consequent hemorrhage or leakage may result. 

A. MECHANICAL CHARACTERISTICS OF INTESTINAL WOUNDS: 
It has been shown experimentally by Chlumsky? and later 
corroborated by Cutting*® that in carefully sutured intestinal 
incisions the period of maximum mechanical weakness is not 
the period immediately following the surgical procedure. At 
this time, determinations have shown, the suture-line is 
capable of withstanding approximately one-third the pressure 
required to rupture the intact intestinal wall, a pressure which 
is relatively considerable. As time goes on, however, a progres- 
sive weakening of the suture-line becomes evident, which is 
presumably due to a process of autolysis or pressure necrosis 
in the region of the sutures; this effect becomes maximal 
about the end of the third day, at which time the suture-line 
is frequently less than half as strong as it was originally. 
Proliferation of connective tissue begins to make its reinforcing 
properties manifest about the fourth day, however, and from 
this period on a rapidly progressive increase in mechanical 
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strength occurs. The period of particular danger from rupture 
of the intestinal wound is, accordingly, the second, third, 
and fourth postoperative days. It is for this reason that insist- 
ence Is placed on as near complete rest as possible for the 
digestive tract during the first four days. 

B. THE Use OF THE SToMACH TuBE: The stomach tube is 
usually indispensable in the proper care of gastric cases in the 
early postoperative hours as a means of emptying the 
organ of blood and other secretions. The regurgitation or 
vomiting of blood or blood-tinged material is an indication 
for immediate gastric lavage, and the attendant who does not 
hesitate to pass the stomach tube in the presence of such minor 
indications as increased pulse rate and anxious facies will 
usually be amply justified in his action by the subsequent 
favorable development of the case. Unless the stomach 
contains blood clots gastric lavage is usually best performed 
through a tube of the Levin type, the latter being passed 
into the stomach either through the mouth or the nose, a 
2 per cent solution of sodium bicarbonate warmed to 110° F. 
being used as a vehicle, and all manipulations being performed 
with gentleness. In case it should appear probable that 
subsequent lavages will be needed, the tube may be left in 
place suitably attached to the cheek with adhesive plaster 
and used over and over again as required; lavage may be 
indicated as often as every two hours in many instances. 

c. THe INnitTIAL PERiop oF Fastinc: In accordance with 
the teachings of Balfour* and others, patients having under- 
gone operations as serious as gastric resection should be 
denied anything at all by mouth for the first four postoperative 
days. Adequate fluid intake must be maintained, however, 
by means of proctoclysis either solely or in combination with 
hypodermoclysis. In order to minimize the possibility of the 
development of acidosis during this regime, at least small 
amounts of glucose should be incorporated in the fluid used 
for proctoclysis or hypodermoclysis, and correspondingly 
larger amounts may be useful in providing energy and thereby 
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preventing undue catabolism of the patient’s own tissues. 
Patients much debilitated by some underlying morbid condi- 
tion, e.g., those who have suffered from intestinal obstruction 
for some time and who perhaps also may have in addition a 
carcinomatous cachexia, present especial indications for the 
maintenance of intestinal quiescence, and such period of 
quescence should be prolonged for at least an additional 
twenty-four hours, since in such patients the healing process 
is especially slow and difficult. Balfour* believes that in these 
cases and others in which danger from intestinal leakage is 
anticipated the use of morphine to the point of maximum tol- 
erance may prove a life-saving measure. Morphine in !4 grain 
doses every two to three hours until the respirations have been 
reduced to 8 to 10 per minute will usually completely suppress 
intestinal movements according to Balfour. 

p. THE INsTITUTION OF FEEDING: On the fifth day in 
favorable cases the gradual resumption of food intake by 
mouth may be commenced with the giving of such bland, 
nourishing fluids as broth and albumin-water in amounts 
not to exceed 1 oz. every one or two hours. One ounce of a 
mixture of equal parts of milk and cream may be substituted 
for the foregoing substances in favorable cases with advantage, 
because of the added nutritive value of such a mixture. Such 
feedings should, however, be supplemented by the administra- 
tion of 15 grains of a mixture of equal parts of sodium bicar- 
bonate and magnesium oxide fifteen minutes before each 
feeding to neutralize gastric acidity and provide a mild laxa- 
tive action. Calcium carbonate in 10 grain doses flavored with 
149 minims of oil of cinnamon may be used as an alternative 
to the sodium bicarbonate magnesium oxide powder.® 

The value of alkali therapy postoperatively should be 
especially emphasized in connection with cases of hyper- 
acidity. Carlson® has shown that the presence of an undue 
degree of acidity in the stomach predisposes to pylorospasm 
and thus tends to aggravate the symptoms of which the 
patient characteristically complains, and the weight of opinion 
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of both surgeons and internists seems to incriminate acidity 
as a factor in the formation of gastrojejunal ulcers. Experi- 
mentally, Mann and Williamson’ have been able to produce 
such ulcers in animals by diverting the alkaline secretions 
which normally neutralize the acid gastric juice, and Dragstedt 
and Vaughn* have shown that the healing of artificial ulcers 
in animals is hastened by the neutralization of acidity with 
suitable amounts of alkalis. The inhibition of pylorospasm 
and the degree of physiological rest to the part thereby secured 
is presumably of value in inducing the healing of ulcers in 
this region. 

The feeding of patients on the sixth and subsequent days, 
fortunately or unfortunately becomes for the most part a 
matter of individualization. Semisolid foods, such as junket, 
oatmeal, and jelly, may usually be permitted on the sixth day; 
2 oz. may be allowed, and feedings may be permitted every 
two or three hours. If the milk-cream diet is preferred it may 
be given in amounts of 2 oz., preceded as before by the adminis- 
tration of an alkaline powder and without increasing the time 
interval between feedings. On the seventh day slightly more 
latitude may be allowed in the diet in favorable cases by the 
addition of custard, blanc mange, or even a soft boiled egg, 
and in those cases in which milk or cream has been previously 
denied these substances can be added to the dietary at this 
time, always, however, with the addition of 15 grains of alka- 
line powder or 1.5 oz. of lime water given a few minutes 
before the feeding. The total amount of the feedings may be 
increased to 3 or 4 oz. After the first week the diet may usually 
be still further augmented both in amount and in variety. 
Six or eight ounces may be allowed at a time. Stale bread, 
apple sauce, cream of wheat, cream soups, baked or mashed 
potato, and chicken or meat jelly, without the meat, are 
suitable substances. 

If at any time during the period of building up the diet a 
sense of undue fullness or distress occurs or any other untoward 
symptom develops, feedings should be temporarily discon- 
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tinued or at least the feeding regime of a preceding day should 
be temporarily adopted. 

In outlining the diet of the individual case prudence 
dictates that counsel should be taken with dietetic specialists 
whenever possible, and that surgical attendant is wise who not 
only makes a special study of this branch of medicine for 
himself but who cultivates connections such that he will be 
in a position to receive frequent counsel and advice in the 
care of individual cases which come under his care. 

An especial point has been made with respect to the 
observation that followmg gastroenterostomy regurgitation 
of alkaline succus entericus into the stomach occurs almost 
immediately, and the strongly acid reaction of the stomach 
contents is accordingly very rapidly reduced. Such is not the 
case after the operation of pyloroplasty, however, in which 
case usually about two months are required for gastric acidity 
to return to normal in cases in which it has previously 
been high. This means that for a period of eight weeks 
postoperatively in the latter group of cases unusual care must 
be given to the dietary regime in order that acidity may be 
controlled. 

E. INTERDICTION OF Tosacco: It has been suggested that 
the use of tobacco be interdicted especially in patients having 
undergone operations for gastric and duodenal ulcers. 

Eusterman’ is convinced that the use of tobacco is particu- 
larly harmful for the patient with peptic ulcer. He believes 
with Wagner’® that all the subjective and roentgenographic 
signs of duodenal ulcer can be produced by the excessive 
use of tobacco alone and sees an explanation for this in the 
paralytic action of nicotine on the synapses of the sympathetic 
nervous system. He is of the opinion that the definitely better 
end-result seen in the case of women with peptic ulcer, whether 
under surgical or medical treatment, is explained largely on 
the basis of the fact that women much less frequently than 
men are addicted to the nicotine habit. With this view not all 
authorities are In agreement. 
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In an attempt to elucidate the possible etiological rela- 
tionship between tobacco smoking and the development of 
peptic ulcer Barnett'! examined carefully the records of 439 
cases of peptic ulcer seen at the Peter Bent Brigham Hospital 
between the years 1913 and 1926. By comparison of these 
histories with the histories of 500 control cases he was able 
to conclude that smoking seems neither to predispose to the 
development of peptic ulcer nor to influence the age period in 
which such ulcers develop. 

F. Drerary Restrictions IN LATER CONVALESCENCE: 
There is some difference of opinion as to the extent to which 
postoperative dietetic restriction should be placed in the 
later period of convalescence on patients who have undergone 
operations designed to relieve gastric pathology. Balfour’ 
is of the opinion that there is a very real danger of exchanging 
functional gastric disturbances for organic ones in cases 
subjected to a too rigorous regime. Eusterman’ believes that 
medical supervision for four to six weeks after operation is 
capable of relieving disturbances of functional origin, but 
that there is no real evidence that such treatment can or does 
prevent the formation of secondary gastrojejunal ulcers, and 
he mentions that it is often surprising how well patients often 
do in the absence of all dietary restrictions. In the moderately 
early postoperative period the restriction of diet to easily 
digestible foods and the prohibition of highly seasoned and 
fried foods, condiments, alcoholic stimulants, and at least 
strong tea and coffee, is rational. 


111. POSTOPERATIVE GASTRIC COMPLICATIONS 


With respect to the development of postoperative compli- 
cations in gastric cases, those operations involving the more 
radical types of gastric surgery are, of course, most likely to 
give cause for anxiety. Of these the various types of gastric 
resections by whatever technique, the pyloroplasties, and the 
gastroenterostomies may be mentioned particularly. The 
postoperative convalescence of cases undergoing such pro- 
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cedures is also characteristically prolonged even in the absence 
of complications. 
The chief complications to be recognized and treated are: 


Hemorrhage 

Shock 

Dilatation of the stomach 
Gastric obstruction 
Postoperative gastric tetany 
Diarrhea 

Peritonitis 


A. HEMORRHAGE: Hemorrhage is the earliest and one of 
the more common complications of gastric operations. It is 
usually noted within the first forty-eight hours. 

With respect to the occurrence of hematemesis in gastric 
patients postoperatively, it is interesting to note the relative 
infrequency with which patients complaining of this condition 
preoperatively show evidence of chronic intrinsic gastric 
lesions on the operating table. Though it is, of course, impor- 
tant to exclude lesions of the stomach in any postoperative 
instance of hematemesis the possible coexistence of extragastric 
conditions, such as hemophilia, cirrhosis of the liver, chronic 
cholecystic disease, and splenic disease should also receive 
consideration before the stomach as such is finally incriminated. 

The vomiting of small amounts of blood within the first 
few hours following the completion of a gastric operation Is 
not of any particular moment. It is usually due to the presence 
of such residual blood as may have found Its way into the 
Iumen of the stomach during the course of the operation, or 
to a very slow capillary oozing along the suture-line subsequent 
to the operation. These two types of bleeding are usually 
controlled by the natural clotting process of the blood within 
a very short time. 

The vomiting of any considerable quantity of bright red 
blood, however, should always give cause for anxiety. The 
onset of such hemorrhage is frequently secondary to straining 
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due to vomiting or coughing, and represents usually the slip- 
ping of a ligature, the tearing of a suture, or the dislodgment 
of a protective blood clot at the suture-line. In this type of 
hemorrhage vomiting of bright red blood and of large clots 
occurs every few minutes or at intervals of many minutes to an 
hour. The stomach in these cases is unable to empty itself in 
the normal manner through the pylorus or gastroenterostomy 
opening, as the case may be, as fast as it fills, and irritation 
of the stomach wall gives rise to the vomiting reflex. 

Four general methods of treatment have proved of value 
in these cases: 

1. The simplest and often the least effective is by sedation, 
i.e., the application of ice bags to the epigastrium and the 
administration of morphine. Cold applications over the 
stomach area are undoubtedly somewhat sedative and may 
prove of value in those cases in which hemorrhage is slight 
and the stomach unduly irritable. Morphine is indicated in 
relatively large doses not only to control the patient’s appre- 
hensions but actually to quiet his bodily movements. 

2. In cases not responding satisfactorily to the latter 
treatment repeated gastric lavage with water at a relatively 
high temperature (120°F.) may frequently bring hemorrhage 
under control. Durimg the first two operative days this proce- 
dure, if carefully performed, is without danger; on the third 
and early the fourth day, however, exceptional care in passing 
the stomach tube and especial care to prevent overdistention 
of the viscus should be employed, since, as previously men- 
tioned, at this period the suture-line is weaker mechanically 
than at any other time during the healing process. 

3. In those cases in which hemorrhage is_ relatively 
severe, blood transfusion may prove of life-saving value, 
and precious time should not be wasted in experimenting with 
intravenous infusions and calcium therapy. The latter forms 
of therapy are, however, not without value in the milder 
cases and those in which immediate blood transfusion may be 
impossible. 
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4. As a last resort secondary laparotomy may sometimes 
be required for purposes of repairing the bleeding area. 

B. SHock: This complication occurring in connection with 
gastric cases Is usually a reflection upon the technique used in 
the course of the operation, since shock relatively infrequently 
follows operations performed at the hands of skilful and 
experienced surgeons. Shock is, of course, more apt to super- 
vene in cases in which preoperative dehydration and debility 
are pronounced. Shock may be mild and tend to pass away 
rapidly or it may be more marked and more persistent. 

The symptoms are the same as the symptoms of shock 
from any other cause. The picture is one of rapid feeble pulse, 
slow and shallow respiration, cold, clammy skin, and profuse 
perspiration. In mild degrees of shock elevation of the foot of 
the bed, application of external heat to the body by means of 
hot water bags or electric heating pads, and the administra- 
tion of a hot enema usually suffice to bring about reaction 
within an hour. In those cases in which shock is thought to be 
associated with or secondary to loss of blood an immediate 
transfusion, or at least an intravenous infusion, may prove a 
life-saving measure. 

c. DILATATION OF THE STOMACH: As this complication has 
already been fully discussed in a previous chapter, there is no 
need for further discussion here. 

p. Gastric OpstrucTION: Possibly the most important 
and most frequent complication of gastric surgery is the 
development of gastric obstruction. It may be (1) temporary 
or permanent, (2) partial or complete, (3) functional or 
mechanical. 

This complication does not ordinarily occur within the first 
twenty-four hours but may occur at any time subsequently, 
the most frequent time of onset being from the seventh to the 
twelfth postoperative day. The symptoms are often obscure, 
consisting in the earliest stages of a feeling of fullness after 
eating and the medical attendant gets the general impression 
that the patient is not as well as on previous days. Not in- 
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frequently the first actual symptom of the beginning of gastric 
retention Is hiccough. The causes of gastric retention, or obstruc- 
tion, are perhaps most commonly inflammatory edema around 
the stoma of gastroenterostomies, twists or kinks in the loops 
of gastroenterostomies, an inadequately small stoma, mal- 
placement of the gastroenterostomy opening, constriction of 
a stoma due to contraction of scar tissue, and the development 
of peritonitic ileus. 

The treatment is fundamentally prophylactic, as_ will 
readily be realized from a consideration of the previously 
mentioned causes of the condition. Early recognition of the 
development of the complication with the prompt institution 
of gastric lavage frequently aborts the development of a serious 
condition. Lavage should be performed in these cases at least 
twice a day, and the amount of material recovered from the 
stomach should be measured. In case this amount Is more 
than 500 c.c. lavage should be repeated at least every six 
hours. Everything should be withheld by mouth for at least 
twenty-four hours, and the fluid intake of the body should be 
maintained in the interim by the administration of 2000 to 
3000 c.c. of a solution of 2 per cent sodium bicarbonate and 5 
per cent dextrose by proctoclysis. If, for any reason, this proce- 
dure is not well tolerated or is contraindicated, hypodermo- 
clysis or intravenous infusion may be substituted. If the 
treatment be successful at the end of twenty-four hours, small 
amounts of tea, broth, and gruel may be allowed by mouth in 
an attempt gradually to build up a mimimum diet, but during 
this process the material vomited and withdrawn by stomach 
tube should be carefully measured and subtracted from the 
total fluid intake with the object of ascertaining how much of 
the total intake passes the pylorus. It must not be forgotten 
that changes in the blood occur in this type of obstruction 
as in any other case of high ileus and that lowering of plasma 
chlorides, increase in blood urea, and decrease in the carbon 
dioxide combining of the blood, i.e., alkalosis, may be expected 
in severer degrees of this complication. 
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Though the treatment here outlined succeeds in perhaps 
the majority of patients, there still remains a certain number 
who are not relieved and who become progressively worse. 
In the severe types of cases the question of secondary operation 
becomes an important one. It must be remembered, however, 
in this connection that usually such patients have been either 
partially or totally obstructed for a number of days, have 
become undernourished and dehydrated in the meantime, and 
have lost both weight and strength. There is also a blood 
chloride deficiency and an alkalosis, and under such circum- 
stances operative procedures cannot be undertaken lightly. 
If operative procedures be undertaken, the indications are 
for a rapid operation under local analgesia and the simplest 
and most direct type of operative manipulation. In many of 
these cases the resourcefulness of the surgeon is taxed to the 
limit, and in a very large proportion of cases, whatever the 
operative manipulation attempted, a lethal outcome is 
unavoidable. 

E. PosTOPERATIVE Gastric TETANY: Gastric tetany is an 
infrequent complication, and when it does occur it is always 
in connection with gastric obstruction. The treatment, there- 
fore, is mainly prophylactic, and consists of the prevention of 
obstruction. 

The symptomatology in a case of this condition is definite. 
The pulse is weak; the respiration is shallow; in the majority 
of cases convulsions develop which are characterized by clonic 
muscular contractions. A condition of drowsiness precedes 
the development of these symptoms, and a condition of coma or 
semicoma usually follows. The blood findings are the same as 
those in obstruction, and treatment consists in the rectification 
of the blood picture by the administration of quantities of 
sodium chloride, sufficient to raise the blood chloride content to 
normal. This form of tetany is an alkali tetany and is secondary 
to the condition of alkalosis. The administration of chlorides 
is, therefore, specific. 
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F. DIARRHEA: Severe diarrhea following abdominal opera- 
tions is a relatively infrequent complication but one which 
occurs occasionally and may occur in so severe a form as to 
cause the patient to succumb very rapidly unless efficient 
treatment can be instituted. It is not very infrequent to 
encounter a case in which postoperative diarrhea assumes 
seriousness not unlike that of the diarrhea of cholera, and in 
which this complication rapidly becomes uncontrollable. 
Many of the serious cases which have been reported in the 
literature apparently follow operations on the stomach and 
pylorus, such as gastroenterostomy, partial gastrectomy, 
gastrostomy, pylorectomy, and pyloroplasty. Anschiitz’® col- 
lected from 500 gastric operations about 30 cases of post- 
operative diarrhea. These occurred usually between the sixth 
and seventh days after operation, and a considerable number 
of them in connection with malignant conditions of the 
stomach. Anschiitz thinks that the complication of diarrhea 
occurs most commonly in connection with gastroenterostomy 
with a short loop, in operations in which the stoma ts placed 
too low in the jejunum, and also after reestablishment of the 
normal continuity of the gastrointestinal tract in a Billroth 
No. 2 operation. He is inclined to believe that too rapid 
emptying of the stomach through the stoma favors the 
development of the condition. 

The appearance of diarrhea, however, is by no means 
always associated with the presence of a gastric juice which is 
not acid, or with gastrointestinal fermentation, or with a 
stoma placed too low in the small intestine. Most of the con- 
tinental authors believe that too rapid emptying of the stomach 
Is a causative agent in the development of the diarrhea, and 
they have seen the complication most commonly in cachectic 
individuals, victims of malignant disease. 

Moynihan" says that in his experience only 1 case of 
this complication in a patient in whom the diarrhea lasted as 
long as five days has recovered. He is of the opinion that no 
adequate explanation of this complication can be given. 
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Troell'® reported 11 cases in patients with peptic ulcer. Four of 
the patients had had gastroenterostomy; 3 had had gastric 
resection; and 3 pyloric exclusion and gastroenterostomy. 
One patient had received segmental resection plus gastro- 
enterostomy. Bierende’® reported 7 cases in which diarrhea 
developed in from two to six days after operation. Six of his 
cases showed peritonitis, and the third case was one of sup- 
purative perinephritis. All of his patients died. Goldschmidt 
and Muelleder™ were able to collect 3 fatal cases of diarrhea 
from 273 stomach operations; 10 cases in all developed the 
complication. Undoubtedly there are certain cases of post- 
operative diarrhea which are mild and transient, and which 
usually occur early in the course of convalescence. These are 
probably due to changes to full or improper diet or to the 
institution of too drastic purgation.'® Possibly the factor of 
too large a stoma is frequently a cause of the most severe types 
of diarrhea, but cases have been reported in which such is 
obviously not the case, whereas diarrhea develops in some 
operations for ulcer of the stomach in which no associated 
gastroenterostomy has been performed and in other cases 
following operations, such as pyloroplasty and the reestablish- 
ment of normal continuity of the gastrointestinal tract. 
Beer'* has reported 5 cases of perforating intestinal ulcers with 
peritonitis in which uncontrollable and apparently unexplained 
diarrhea developed during an otherwise satisfactory con- 
valescence. In 2 of his cases an anastomosis had been performed 
and in 3 simple closure of the perforation had been attempted. 
Beer believes that the complication is not infrequently asso- 
ciated with the element of intraperitoneal abscess formation in 
close proximity to the colon. He examined 250 cases or so of 
acute suppurative appendicitis in which diarrhea developed in 
the course of convalescence in 6, and in each of these latter 
cases the diarrhea was relieved by the drainage of an intraperi- 
toneal abscess. 

Therapeutically, the mild cases of diarrhea usually recover 
as the result of the institution of a restricted diet and the 
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usual astringent therapy; whereas, on the other hand, any 
measure that may be invoked will usually prove of no avail in 
the severe cases, but the possibility of drainage of an abscess in 
the region of the colon, according to the suggestion of Beer 
should not be forgotten. 

G. Perironitis: Peritonitis following gastric operation Is of 
two general varieties: (1) the peritonitis which develops 
independently of intestinal leakage at the point of the suture- 
line, (2) peritonitis due to leakage at the point of the suture- 
line. Whereas from a practical point of view it is highly 
desirable to differentiate between the two, since operative 
interference is indicated in the case of the second but never 
in the case of the first, in most cases this differentiation is 
very hard to make. A suddenly developing sharp, sticking pain 
in the epigastrium with symptoms of shock in the course of an 
otherwise normal recovery points strongly to a rupture at the 
suture-line. In those cases in which the onset of symptoms is 
gradual, occurring during the course of the first three or four 
postoperative days either one or the other variety of peritonitis 
may be present. In these cases the surgical judgment of the 
medical attendant is frequently taxed to the limit. The mor- 
tality in any case is high. If it is decided that the peritonitis is not 
dependent upon leakage of the intestinal contents, the ordinary 
non-surgical treatment of peritonitis, frequently associated with 
the name of Ochsner, is to be preferred, and consists in the 
administration of large doses of morphine, assumption of the 
Fowler position, application of ice bags to the abdomen, the denial 
of anything whatever by mouth, hypodermoclysis to maintain 
the fluid intake, and gastric lavage when indicated. 

Clinically peritonitis is recognized by (1) increase of tem- 
perature, (2) abdominal distension, (3) absence of intestinal 
peristalsis (silent abdomen), (4) rapidly mounting pulse rate, 
and (5) subnormal temperature. 

Fatal cases rarely develop within thirty-six hours post- 
operatively and death most frequently ensues about the fourth 
or fifth postoperative day. 
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The pulse rate is probably the most valuable indication as 
to the progress of a case with true peritonitis; a pulse rate of 140 
on the third or fourth day indicates a relatively grave prognosis 
and an increase of 10 beats or more in the pulse rate at this 
period is an event of particularly evil omen. Probably few 
patients with a pulse rate of more than 150 at this period 


survive. 
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